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LETTER OF TRANSMITTAL ix 


ft Pa ROS ERANSMIT TAL 


The Honorable, the Commissioner of Health for Connecticut, Ex Officio, 
Chairman of the Industrial Wastes Board. 


Sir:—I have the honor to submit, herewith, the second volume of the 
Report of the Industrial Wastes Board. 

This volume deals exclusively with results obtained at the Experiment 
Station in trying out the following methods of sewage disposal on the 
New Britain sewage, i. e. fine screening, Imhoff-Sprinkling filter, Miles 
acid, activated sludge and lime treatment. : 

As indicated in the report, the work at the Experiment Station was of 
great value because certain methods were definitely established as being 
capable of successfully treating the sewage while others were definitely 
established as unsuited. In addition, the experiment work was successful 
in developing fundamental design data for the systems affording proper 
treatment of the sewage. 

Throughout the years run very few changes, and these, mostly of a minor 
nature, were required in the design of the station and operation was singu- 
larly free from interruption. This fact is commented upon because in 
small experiment stations suspension of operation due to changes in con- 
struction, mechanical difficulty and other causes usually occur quite 
frequently. 

The Station was built and operated in codperation with the City of New 
Britain, and I wish here to acknowledge the valuable assistance and support 
afforded us at all times by the Mayor, Board of Public Works and Com- 
mon Council. We are particularly indebted to former City Engineer 
William H. Hall, the present City Engineer Joseph D. Williams, and the 
Superintendent of Sewers Michael O’Brien, to whose constant and ener- 
getic support much of the success of the investigation is due. For. the 
Bureau, acknowledgment is due F. W. Mohlman, Frank Bachmann and 
Richard Smith who at different periods were in charge of the Laboratory, 
to G. A. Parkes and L. R. Beckley in charge of the Station, and Joseph 
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CHAPTER tT 


CONDITIONS AFFECTING DISPOSAL ‘OF NEW 
BREAN. SE AV AGE 


GENERAL DESCRIPTION OF CITY 


New Britain is located in the south central part of Hartford County 
about ten miles southwest of Hartford. A branch line of the New York, 
New Haven and Hartford Railroad, from Hartford to Danbury, passes 
through the city and further railroad facilities are provided by a shuttle 
line to Berlin Junction, about three miles distant, connecting with the main 
line of the New York, New Haven and Hartford Railroad from New York 
to Springfield and Boston, via Hartford. Highways and trolleys make 
New Britain easily accessible from neighboring towns. 

The city is primarily a manufacturing community of about 60,000 inhabi- 
tants. It has progressed rapidly, particularly in the past twenty years, the 
population in 1920 being more than double that in 1900, as shown in Table 1. 


TABLE 
POPULATION OF NEW BRITAIN 
PORONSS He ah 3,029 TOOOI blaine es 19,007 
BOCs Acasa as 5,212 OOO Pr aia el yma 28,202 
af Ow atee aie Ee 9,480 LOO Guteline chee: 43,916 
EOOO Phen ate 13,979 TO20 sie veuu kia 59,316 


Industrial expansion has been largely responsible for this growth, the 
principal industries of the city being the manufacture of builders’ tools, 
building hardware and heavy machinery. ; 

The growth of the city has been so rapid of late that despite earnest 
and conscientious endeavor on the part of the city officials some public 
works have been unable to keep pace with it. This applies particularly to the 
sewerage system, which in 1920 served perhaps not more than 70 per cent 
of the population. Recent extensions, however, have been made. In 1920 
there were about 125 miles of streets of which practically all of the business 
and many of the residential streets had permanent pavements. In the new 
or outlying districts the streets are for the most part not paved. 

The city has a municipally owned water supply serving practically the 
entire population. Water collected from streams is impounded in three 
reservoirs—Shuttle Meadow, Whigville, and Wolcott, with a combined capac- 
ity of about 1,605,000,000 gallons. The entire watershed area is about 12.5 
square miles. The supply is delivered by gravity to the city at a pressure 
varying from 20 to 120 pounds. The water works were started in 1857 
-and the supply was metered in 1912. In 1920 there were approximately 
100 miles of water pipe ranging in size from 4 to 24 inches in diameter. 
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The water consumption for that year, as measured by meters, was 1,860,000 
g.p.d. (gals. per day) for business and domestic purposes or 31 gals. per 
capita; and 2,800,000 gals. per day for factory use or 46.5 gals. per capita; 
total consumption 4,660,000 g. p. d. or 77.5 gals. per capita per day. Allow- 
ing for leakage through mains, for under registration of meters and other 
losses, the total actual consumption is somewhat in excess of 6,000,000 
gs p..d. . 

The ultimate capacity of the present source of supply is only 7,000,000 
g. p. d., and the city has been compelled to seek additional sources. Studies 
have been made of three methods of securing water. 

At present the city is about ready to call for bids on sinking wells near 
White Bridge and pumping directly into the mains leading from the 
Whieville reservoir. 


SEWERAGE SYSTEM..AND SEWAGE DISPOSAL PLANT 


The construction of sewers was begun in 1876, and up to 1902 the city 
was sewered on the combined plan. The combined sewage at that time 
was discharged into Pipers Brook and numerous complaints arose from 
the fouling of the stream. In 1898 Samuel M. Gray was retained as con- 
sulting engineer to report upon conditions of stream pollution and methods 
of remedying the same. As a result, the sewerage was changed from a 
combined to a separate system, and between 1902 and 1904 the present 
sanitary sewers were constructed and the houses connected with them. 
Most of the industrial wastes from the factories and surface drainage 
continued to discharge into the old system. Some factory connections, 
however, were not disconnected from the sanitary sewers and at the pres- 
ent time industrial wastes, in addition to the domestic sewage, reach the 
sanitary sewers. 

In 1920 there were 72.5 miles of sanitary sewers ranging from 6 to 24 
inches in diameter and 36.2 miles of storm sewers ranging from 6 to 81 
inches in diameter. The sanitary sewers lead to the present sewage dis- 
posal plant, and the storm sewers discharge into Pipers Brook. 

The present sewage disposal plant is located in the town of Berlin about 
one-half mile east of the main line of the New York, New Haven and 
Hartford Railroad. It originally consisted of 31 beds, of one acre each, 
the filter media being natural soil provided with underdrains. The plant 
was built in 1902-03 and put into operation some time in 1904, the effluent 
discharging into Willow Brook leading to the Sebethe River. Considerable 
difficulty was experienced in operating the plant from the start and it was 
generally attributed to the industrial wastes, particularly those containing 
iron, which clogged the beds and underdrains. An addition of about’ 5 
acres of beds did not help matters. A codperative survey between the city 
officials and factory owners showed that apparently only a few of the fac- 
tories, and these only at frequent intervals, were discharging wastes into 
the sewers. . 

In spite of the effort made to secure satisfactory results, conditions at 
the disposal plant continued to grow worse. To relieve the complete flood- 
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ing of the beds during the winter months, two large settling basins were 
built and used during that period. The sludge was permitted to accumulate 
in them and in the spring was taken out and plowed into the ground. This 
caused numerous complaints from odor. 

In the meantime, the effluent discharged into the Sebethe River caused 
serious odor nuisance and sludge banks became exposed during low river 
flow. Complaints were received as far downstream as Middletown, a dis- 
tance of about seven miles below the point of sewage discharge. Some 
litigation developed, resulting in damages being awarded against the city. 
Most claims for damages, however, were settled out of court. Conditions 
are worse at present than ever before, and there is still considerable com- 
plaint although the city has settled most of the claims on a permanent basis. 

In an effort to improve conditions, the city has from time to time called 
in experts for consultation and advice. In 1914 George W. Fuller, of New 
York City, reported that the clogging of the beds was due to iron pickling 
liquors entering the sanitary sewers, and that any solution would require 
these liquors to be eliminated, and that even with these taken care of it 
would require from 80 to 100 acres of beds similar to those constructed to 
properly dispose of the sewage. He considered it impracticable to restore 
the present beds and recommended treatment by Imhoff tanks and sprink- 
ling filters. In August of the same year, James A. Newlands, of the Henry 
Souther Engineering Company, Hartford, investigated and reported that 
the removal of solids by the beds was wholly mechanical with little oxida- 
tion of the organic matter. He found that the filter beds were taxed far 
beyond their capacity and that the effluent from them was putrescible and 
not satisfactory for discharge into the brook. He recommended plowing 
over the filters and installing additional underdrains, taking care to keep 
the coarse materials about them far enough below the surface of the filters 
to insure the use of the entire surface area. He considered that the most 
urgent requirement was efficient preliminary sedimentation, and recom- 
mended that Imhoff tanks be first installed and the type of secondary treat- 
ment left to be determined later by the results obtained from these. 

On September 13, 1919, the city, through its representatives, requested 
the assistance of the Industrial Wastes Board. An investigation by the 
Engineer confirmed previous reports on the condition of the beds and 
showed that wastes from factories were still reaching the plant. The 
report recommended “that an intensive survey be made to determine what 
factories, if any, were contributing wastes and means to eliminate them; 
that the Industrial Wastes Board codperate with the City of New Britain 
in building and operating a sewage experimental station to try out the effect 
of modern methods of sewage treatment on the New Britain sewage.” 
These recommendations were adopted by the Board and sampling points 
were established on trunk and lateral sewers from the sewage beds to a 
point above the last factory connected with the system, and analyses of 
samples above and below each factory made. This survey eliminated all 
except two probable sources as contributing industrial wastes. Further 
tests were made of these two places within and without the plants, and it 
was definitely settled that one of the large factories, at times, due to poor 
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operation, permitted large quantities of pickle liquor to reach the sewers. 
This finding was confirmed on several occasions when the continued pres- 
ence of large quantities of iron was noticed in the sewage, and after 
— inquiry was made of the factory officials, it was found that the iron recov- 
ery plant was not operating properly. A report in detail of this investiga- 
tion is printed as Appendix A to this report. 

The city officials, being anxious to remedy present conditions, acted 
favorably on the suggestion of the Industrial Wastes Board that the City 
and Board codperate in constructing and operating a sewage experiment 
station for a period of one year to determine the form of treatment most 
suitable for the New Britain sewage. During the fall and winter of 1919, 
plans were made and construction started on the experiment station. Con- 
siderable delay was encountered in obtaining material and apparatus, and 
operation was not started until May 24, 1920. The experiment station was 
operated without undue interruption to June 6, 1921. 


VOLUME OF SEWAGE 


In 1901, New Britain was sewered on the combined plan, the system carry- 
ing surface drainage, domestic sewage, and industrial wastes. Throughout 
that year sewage flows were measured by a weir placed on the outfall 
sewer and read hourly from 8 a. M. to 7 p.M., inclusive. From these read- 
ings, the average daily flow was determined to be at the rate of 86.5 gals. 
per second or 7.5 million gals. per day. The first records of flow of san- 
itary sewage, after the system was changed to the separate plan in 1904, 
were those made by the City of New Britain in November, 1918, by measur- 
ing the depth of sewage applied to the various filters. As computed from 
this data, the flow on November 13 was 2,600,000 g. p. d.; and on Novem- 
ber 22, 2,080,000 g. p. d., the average being 2,340,000 g. p. d. 

In 1914, George W. Fuller made weir measurements for two days and 
found the flow to be 3,800,000 g. p. d., and 4,200,000 g. p. d., respectively, 
the average being 4,000,000 g. p. d. The variation in flow during this 
period was found to be from 1.7 m. p. d. to 6.1 m. g. d. From October 7 
to November 17, 1920, measurements were made by the Bureau of Sani- 
tary Engineering of the low dry weather flow and several storm flows. 
The depth of sewage flowing in the bar grid chamber was measured hourly. 
This chamber consisted of two rectangular channels twenty feet long and 
four feet wide. These channels were considered as small streams, and a 
gaging station established about five feet from the outlet end. From a 
large number of current meter readings, a rating curve was developed, 
giving the flow corresponding to various depths in the channels. The meter 
was carefully calibrated before and after the tests. 

This method of flow measurement was rather unusual and was adopted 
because the installing of weirs, or any other method, would seriously 
interfere with the operation of the main disposal plant and endanger the 
sewers from backwater. 

Care was taken to secure the greatest accuracy in readings of both cur- 
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rent meter and depth of sewage in the channels. For the latter purpose, 
stilling boxes were connected with the channels opposite the gaging station 
and floats installed which were connected to wooden rods sliding between 
guides, a scale and a marker on the rods showing the depth in the channel. 

From these measurements the low dry weather flow was found to be 2.5 
m, g. d. and the average maximum hourly flow 4.1 m. g. d. The total daily 
dry weather flow varied from 1 m. g. d. to 3.2 m. g. d. and the maximum 
hourly flow ranged from 1.5 m. g/d. to 5.9 m. g. d. It was found that 77.5 
per cent of the total flow was contributed in 12 hours, from 8:30 A.M. to 
8:30 p.M. The flows obtained were somewhat lower than those from the 
weir measurements made by Mr. Fuller in 1914, but check very closely 
with the measurements made by the city forces in November, 1918. 

Several storms occurred during the period of this investigation, afford- 
ing an opportunity to determine the effect of these on the flow in the 
sewers. These, naturally, were not included in determining the dry wea- 
ther flow. On November 2, 1920, there was a rainfall of 1.06 inches in 
about 4 hours and the measured daily sewage flow was 3.7 m. g. d., the 
maximum hourly being 11.3 m. g. d. On November 16, with a rainfall of 
1.89 inches in about 12 hours, the total sewage flow was 6.5 m. g. d., and the 
maximum hourly, 16.1 m. g. d. On November 17, there was a rainfall of 
1.74 inches in 24 hours. The total sewage flow was 9.6 m. g. d., the 
maximum rate being 16.1 m. g. d. 

So far as known, there are no connections permitting street drainage to 
enter the sanitary sewers. It is the general practice in New Britain, 
however, to permit the connection of rain leaders with the sanitary sewers 
and extraneous waters from this source and infiltration of ground water 
account for the increased flow during rains. . 

The dry weather flow was again measured from July 6 to 9, inclusive, and 
also from August 23 to 25, inclusive, 1921; the average daily flows for 
these two periods being 3.32 m. g. d. and 3.36 m. g. d., respectively. This 
is about 30 per cent greater than the flows obtained in October and 
November, 1920, and is accounted for by the fact that within the past year 
the City of New Britain has made a number of extensions to its sewerage 
system and now serves practically the entire population; whereas, in 1920 
only about 70 per cent of the population were served. 

Summarizing the results of flow measurements, the present dry weather 
flow may be safely assumed at 3.5. m. g. d., and the average maximum 
daily flow at 5 m. g. d. During heavy and prolonged storms, the flow 
may increase to 16 m. g. d. Accompanying the proposed immediate 
increase in the water supply, the dry whether sewage flow may be expected 
to be materially increased so that for the immediate future a sewage dis- 
posal plant should have a capacity of about 6 m. g. d., and should be able 
to treat a daily peak load of 10 m. g. d. 


CHAP TER tI 
DESCRIPTION, OF EXPERIMENT Si Avion 


LocaTION AND CONSTRUCTION 


The New Britain Sewage Experiment Station was located at the site of 
the New Britain Sewage Disposal Plant. The station was constructed by 
the City of New Britain under the supervision of the Bureau of Sanitary 
Engineering, Connecticut State Department of Health, and was operated 
jointly by both parties. Active construction was started in the latter part 
of March, 1920 and the plant put into operation on May 21, 1920. Regu- 
lar sampling and routine work covering the entire day (24 hours) was 
started May 24, 1920. 





Fic. 1.—New Britain Sewage Experiment Station. Looking North. 


The Station consisted of the following main units: pumping plant, grit 
chamber, main weir box, activated sludge plant, Imhoff sprinkling filter 
plant, Miles acid plant, screening plant, and an operating building. Suit- 
able stairs and runways were provided, making all parts of the various units 
easily accessible. Running water was obtained by pumping into a tank 
' from a well and the power lighting was by electricity. General arrange- 
ment and details of the various units are shown in the accompanying 
drawings. 
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PUMPING PLANT 


Sewage was pumped from an open manhole on the outfall sewer at the 
head of the New Britain Sewage Disposal Plant. A three-inch suction, 
two-inch discharge “Vortex” centrifugal pump was used. This was directly 
connected to a two-horse power, alternating current, single phase, 220 volt 
Wagner motor. The center of the pump was located one foot above the 
average water level in the manhole. The suction pump was wrought iron, 
three inches in diameter, 17 feet long. In this pipe there was an inverted 
U, about 11 feet long and about two feet above the center of the pump. 
The suction inlet consisted of a four-inch open tee, encased in a box-like 
screen arrangement. The top and bottom of the box were made of steel 
plates and the sides of round bars, 54 inches in diameter with 5% inches 
clearance. The bars were 18 inches long between top and bottom plates, 
and the plates 14 inches by 2544 inches. Centers of bars were 34 of an 
inch from the edge of the plates, making the actual periphery of the screen 
a rectangle one foot by two feet. The total area of the screen was nine 
square feet. 

The intake was counterweighted by a wooden box loaded with stone, a 
rope passing over two pulleys connecting counterweight and inlet. The. 
suction pipe had two swivel joints, and by adjustment with the counter- 
weight, the inlet could be held at any required level in the manhole. The 
suction line was fitted with a three-inch gate valve. 

The pump was primed by tapping from a water line into the top of the 
pump casing, the inlet being raised about two and a half feet above the 
center of the pump to hold the prime, and then quickly submerged as the 
power was turned on. This operation and the inverted U caused the 
pump to pick up its load rather slowly and it was quite possible, in lowering 
the inlet, for some air to find its way into the U and retard the flow. 
Considerable difficulty was also experienced in making the swivel joints 
tight. This condition caused considerable annoyance and about the end 
of June, 1920, the difficulty was overcome and the pump made to keep its 
full load by putting a check valve in the suction line just above the tee, 
making the swivel joints tight by placing cement.around them, and if for 
some reason the power had been turned off, keeping the inlet submerged 
when starting the pump. This arrangement worked very satisfactorily. 

The pump discharged through a two-inch wrought iron pipe into a 
30-inch wooden stilling barrel, the average water line being at an eleva- 
tion of 111.81 feet. The elevation of the center of the pump was 98.04 
feet and the average water level in the manhole, 97:00 feet. The average 
pumping head between inlet and discharge levels was 14.8 feet. All eleva- 
tions are relative and are reierred to a local bench mark, assumed ‘eleva- 
tion 100.00. 

When the pump was first put into operation, the overflow into the barrel 
caused so much agitation and aeration of the crude sewage as to affect 
materially the tests for dissolved. oxygen. This trouble was overcome by 
placing a galvanized iron can, about the size of a three gallon bucket, over 
the discharge end of the pipe. 
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GRIT CHAMBER 


In the bottom of the stilling barrel an opening was made, three inches 
in diameter, leading to a box three inches by 16 inches by four inches 
deep, fitted with two galvanized iron slide gates. By opening or closing 
these gates, the sewage could be diverted to either or both units of the grit 
chamber. 

The grit chamber was made of two-inch lumber, inside dimensions of 
each of the two compartments being 15 feet long, 4 inches wide, 17% 
inches deep at the inlet end. and 97% inches deep at the outlet end. The 
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average water level when using one compartment was about four inches 
below the top, giving an average retention capacity of four cubic feet or 
30 gallons. The average elevation of the water line in the grit chamber 
was I11.60 feet. On the basis of treating 100,000 gallons per day, each 
compartment of the grit chamber was designed to afford a retention period 
of half a minute, an inlet velocity of one-half foot per second, and an 
outlet velocity of one foot per second, ; 

Each compartment of the grit chamber discharged into an open wooden 
channel, four inches wide, leading to the main weir box. A scum baffle was 
provided at the outlet end of each compartment. 
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MAIN WEIR BOX 


This was a rectangular wooden box 26 inches long, 24 inches wide, and 
1714 inches deep. By means of two three-inch overflow pipes, a constant 
water level was maintained 91% inches above the bottom of the box, the 
elevation being 111.56 feet. One side of the box was fitted with an iron 
weir plate containing one rectangular weir 0.6 feet long and three 60 degree 











Fic. 4—End of Grit Chamber and Main Weir Box. 


triangular weirs. The weirs were adjustable and their depth below the 
water line could be regulated by turning threaded stem gates operating 
in fixed grooves. 

The 0.6 foot rectangular weir discharged into a wooden launder, lead- 
ing to the activated sludge plant. One triangular weir discharged into a 
launder, leading to the Imhoff sprinkling filter plant, and a second trian- 
gular weir discharged into a launder leading to the Miles acid tank. The 
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other triangular weir was not used. The metal weir plate was made by 
the Wallace and Tiernan Company, New York City. 

A stilling baffle was placed between the inlet from the grit chamber and 
the weirs. This baffle consisted of thin wooden slats 26 inches long, 1%4 
inches wide, and % of an inch thick, nailed horizontally to both sides of 
vertical wooden strips, I inch by 134 inches by 17% inches, at each end of 
the weir box. The slats were staggered on either side of these vertical 
strips, leaving a clear vertical opening between slats on the same side of 
134 inches. The stilling produced by this baffle caused some of the solids 
to deposit in the weir box, and to eliminate this the bottom slat was 
removed and the sewage in the box stirred every hour. 

The overflow from the main weir box was carried in a launder to another 
weir box, 36 inches by 11 inches by 9 inches, fitted with a four-inch rectan- 
gular galvanized iron weir. This weir discharged into a launder leading 
to the main outfall sewer. 

The above arrangement of weirs allowed measurements to be made 
giving the total amount of sewage pumped and the amount of sewage 
treated by the three different units. 


AGTIVATLED SLUDGE “PLANT 


By continuously blowing small bubbles of air through sewage, the sus- 
pended and colloidal solids in the sewage are gathered together into little 
flocculent particles which, with the presence of the air, fosters a prolific 
growth of microscopic organisms. When this growth is fully developed, 
the flocculent particles, or sludge, acquire certain chemical and biological 
properties of great value in purifying the sewage with which it may be 
brought in contact.. Sludge thus formed and developing this growth of 
microscopic organisms is known as “activated sludge.” 

The first step in the activated sludge process is to blow air through 
crude sewage and develop an activated sludge. This activated sludge is 
then mixed and agitated with crude sewage in a tank known as the aera- 
tion tank, through which air is continuously blown. 

After several hours agitation in the aeration tank, the mixed sludge and 
sewage is conveyed to another tank, known as the settling tank, in which 
the sludge settles out quickly and the clarified liquor is drawn off. This 
is the final effluent of the process, and in well-operated plants, and with a 
sewage adapted to this method of treatment, it should be perfectly clear, 
sparkling, water white, odorless, and the bacterial removal should be very 
high. 

The settled sludge is pumped from the settling tank either directly back 
to the aeration tank, or it may go to another tank where it is reaerated and 
then flows back to the aeration tank. If excess sludge is produced, it is 
wasted. 

At the New Britain Sewage Experiment Station the aeration, settling, and 
reaeration tanks were of wood circular in plan, built of two-inch red wood 
staves, reinforced and held in place by circular iron hoops. All the tanks 
had concrete lined bottoms. 
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The aeration tank was 10.8 feet deep and had a capacity of 9750 gallons. 
It really consisted of two concentric circular tanks, the inner tank being 
5.60 feet in diameter, the outer, 12.69 feet in diameter. There were sev- 
eral reasons for this arrangement. From a practical standpoint, a round 
wooden tank was desired because such tanks come in standard sizes, are 
economical, easily assembled and made watertight. By inserting the inner 
tank, the channel through which the sewage must travel is made longer and 
affords a very good inlet and outlet arrangement. The inlet was a launder 
from the main weir box. Near this inlet a vertical wooden baffle one-inch 
in thickness was placed in the outer channel running the entire depth of 
the tank, The sewage was thus made to travel in the channel between the 
two tanks. It then found its way to the inner tank through a six-inch 
rectangular opening in the inner tank staves at the water line, on the 
opposite side of the baffle from the inlet. A radial baffle extending the 
entire depth of the tank was placed in the inner tank, around which the 
sewage flowed to a four-inch wrought iron outlet pipe, so placed that it 
was barely submerged. This outlet connected to the inner tank periphery 
on the opposite side of the inner baffle from the inlet to this tank. The 
entire arrangement afforded a path for the sewage 38.1 feet long. 

There were 16 filtros plates through which air was blown to aerate and 
agitate the sewage. The design of the aeration tank giving a long narrow 
channel to the sewage, insured that all the sewage passed over each one of 
the filtros plates, providing even aeration and agitation. As far as could be 
observed, there were no “dead spaces” where sludge settled out and became 
septic. This design seems especially well adapted to experimental work, 
the advantages over a rectangular tank being ease of construction, water- 
tightness and lack of “‘dead spaces”; the advantages over circular tanks 
with the “S” baffle arrangement, such as used at Milwaukee, being also 
ease of construction, a longer path for the sewage, and in general, better 
aeration and agitation. So far as known, this type of design is original 
with this plant. | 

There were twelve filtros plates in the outer channel and four in the 
inner. Each plate was held in a cast iron holder of special design, similar 
to that used at Pasadena, California, attached to a 1% inch riser for feed- 
ing air. The risers connected to a two-inch main from the air blower. 
Each riser was fitted with a regulating valve and a union coupling, the 
latter being about half a foot above the water line. The air main was 
placed across the top of the tank. Each riser and filtros plate could be 
removed from the tank without stopping operation by shutting off the air 
to that particular line, uncoupling the riser and lifting riser, holder and 
filtros plate out of the tank. This was a convenient arrangement, as the 
plates could be quickly and easily removed for cleaning or inspection, 
quickly replaced or another plate substituted. Two spare holders and 
plates were always ready for use. 

Each filtros plate was 12 inches long, 12 inches wide, and 1% inches 
thick, of the type “R”, manufactured by the General Filtration Company of 
Rochester, New York. When placed in the holder, the available area for 
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air dispersion was 11% inches by 11% inches, or 0.86 square feet. The 
total effective area of filtros plates for the entire tank was 13.75 square 
feet. The top area of the tank was 123.5 square feet, and the percentage 
of filtros plates to top area was. 11.13. 7 

Each filtros plate was laid in a little hopper 1.1 feet deep, the average 
slope of the floor toward the plate being 0.75 feet vertical to one foot 
horizontal. Sludge, if any, settling on the hoppers, dropped to the plate 
and became aerated and agitated with the sewage. 

Air was supplied by a No. 1 Nash Hydro Turbine Blower, rated and 
tested capacity 90 cubic feet of free air per minute. The turbine was belt 
connected to a Westinghouse alternating current, single phase, 714 horse 
power, constant speed induction motor, making 1150 revolutions per min- 
ute. The belt was nine feet long between pulleys. The speed of the tur- 
bine was 1000 revolutions per minute. The air was automatically washed 
by passing through a water jacket. Cooling and washing water was 
obtained from a storage tank, 

The blower discharged into a two-inch pipe, from which there were 
four connections; a 2 inch main to the aeration tank, a 1% inch riser 
to the sludge reaeration tank, a 1% inch line to the air lift in the settling 
tank and a short 2 inch pipe discharging excess air. Air meters were 
inserted on the aeration tank line and the sludge reaeration tank line. The 
volume of air to any line was regulated by valves. 

The settling tank was 6.66 feet in diameter and 12.55 feet deep from 
water line to bottom. It had a concrete conical bottom, sloping 4.7 feet 
vertically to 3.1 feet horizontally, or 1.5 on 1. The capacity of the tank 
was 2450 gallons. The inlet was the four-inch pipe previously mentioned 
as the outlet of the aeration tank. The outlet of the settling tank was a 
“V” notch at the water line, placed diametrically opposite the inlet. Two- 
inch wooden baffle boards were placed across the tank, one foot from the 
inlet and the same distance from the outlet. The inlet baffle extended 44 
inches below the water line and 6 inches above, the outlet baffle 12 inches 
below the water line and 6 inches above. 

An air lift raised the settled sludge to a weir box, 32 inches by 11 inches 
by Ir inches deep, where it was measured by a 90 degree triangular weir. 
From this box, the sludge could be diverted to the aeration tank, reaera- 
tion tank, or wasted into the sewer. A connection was later made divert- 
ing the wasted sludge to the acid heat flotation unit. 

The effluent from the settling tank discharged into a launder leading 
to another weir box where a check measurement was obtained upon the 
amount of sewage treated. This weir box was 30 inches by 10 inches by 
II inches deep, fitted with a 4 inch galvanized iron rectangular weir, the 
crest being 744 inches above the bottom of the box. The weir discharged 
into a launder leading to the main outfall sewer. 

The sludge reaeration tank was 3.67 feet diameter and 6.5 feet deep 
from the water line to the filtros plate. It was provided with a concrete 
conical bottom and one filtros plate. The depth to the top of the sloping 
floor was 5.7 feet, and the slope of the floor 1 vertical on 1.35 horizontal. 
The capacity of the tank was 490 gallons. 
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The area of the filtros plate was 0.86 square feet, the sectional area 
of the tank being 10.58 square feet; the ratio of filtros plate to tank area 
was 8.14 per cent. Reaerated sludge was discharged into a launder and 
carried to the inlet end of the areation tank. : 

Blow-off valves were provided for all tanks, those on the aeration and 
settling tanks being two inch diameter and that on the sludge reaeration 
tank three inch diameter. 

Two sludge drying beds were provided, each 10 feet by 10 feet by 15 
inches deep with tile underdrains. The beds were composed of a bottom 
layer of cinders, nine inches thick overlaid by two three-inch layers of 
fine cinders. Fifteen inches of freeboard were provided above the surface 
of the sand. | 


ACID BEAT FLOTATION. PEANT 


On the request of the Dorr Co., New York City, a plant was installed 
to try out dewatering the sludge by first adding acid and then applying heat. 
Acidification of the sludge caused shrinkage of the suspended matter 
and the heat caused a further reaction between the acid and the sludge 
by which minute bubbles of gas were released from the sludge. Upon 
rising these gas bubbles carried the contracted sludge to the top of the 
heated container’ 

As shown in the accompanying drawing, the acid heat flotation plant: 
consisted essentially of an acid dosing apparatus and a tank containing a 
reaction chamber in which heat was applied to the mixture of sludge and 
acid. Besides the reaction chamber coil, heat was also supplied part of 
the time by the spiral.coil in the water jacket. The wall of the reaction 
chamber served as a baffle, permitting the sludge to rise to the top of the 
tank and the clear effluent to be drawn off at the bottom outside the cham- 
ber. The level of the water line in the tank was controlled by a vertical 
outlet pipe provided with a swing joint. The dimensions of the flotation 
unit at New Britain, however, were not standard due to the following 
causes. The entire Experiment Station was scheduled to shut down on 
June 3, tozi: About May 7, it was decided to try the flotation process 
and speed in construction was necessary. It was therefore, decided to place 
the unit in the small tank previously used for sludge reaeration rather 
than lose time in constructing a unit of standard dimensions. 

Unfortunately, the top of the reaeration tank was too high to allow 
proper control of the water level in the unit and the effective depth of the 
tank was only six feet instead of a required depth of at least ten feet. 
These differences undoubtedly had some influence upon the results obtained. 

Due to necessity of rapid construction, the heating arangement in the 
reaction chamber was very poor. Steam from a large boiler was carried 
to a small copper coil taken from an ordinary household gas heater. The 
coil, consisting of six turns of 34 ineh pipe in a six inch diameter, was so 
constructed that it had to rest against the side of the chamber, instead of 
in the center. The heat was, therefore, applied in a very uneven manner. 
Connecting the coil and the boiler was a vertical steam inlet pipe extending 
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the entire depth of the tank. The outlet steam pipe also extended the 
entire depth of the tank above the heating’ coil. Although insulated in 
various ways, these pipes supplied considerable heat to the liquid above the 
reaction chamber and frequently caused violent boiling of the floated sludge 
after several hours operation. This condition was never entirely remedied 
and throughout the tests there was usually slight boiling around the pipes. 
The effect of this was to increase the moisture content of the floated sludge 
and also to cause some of it to pass off with the effluent. As mentioned 
before, however, these faults in design were unavoidable because of the 
short time remaining in which to secure materials and construct the unit. 

In the operation of the unit, the sludge was discharged at a uniform rate 
from a constant head orifice into a funnel at the top of the inlet pipe. Sul- 
phuric acid, usually about a two per cent solution, was discharged through 
a small, constant head orifice into a glass funnel attached to the end of a 
¥4-inch lead pipe. The acid was discharged from the pipe into the funnel 
at the top of the inlet pipe receiving the activated sludge. No special 
apparatus was used to mix the acid with sludge, all the mixing being done 
in the inlet pipe and the reaction chamber. Apparently this was sufficient. 

The mixture of sludge and acid was carried by the inlet pipe to the 
center of the bottom of the reaction chamber. It then flowed upwards 
past the heating coil, the contracted sludge floating to the top of the tank 
and overflowing into the discharge launder while the effluent was drawn 
off at the bottom outside the reaction chamber. 


IMHOFF-SPRINKLING FILTER PLANT 


A longitudinal flow Imhoff tank was provided to permit the heavier and 
larger solids to settle out in the flow chamber and be partially digested in 
the sludge chamber, to which the fresh sewage did not have access. The 
effluent from the flow chamber was then applied to a crushed stone filter 
by sprinkling. The effect of sprinkling and filtering is usually a high 
bacterial removal, and further to clarify and oxidize the sewage, often 
rendering it perfectly clear, colorless, odorless. These changes are brought 
about by microscopic growths formed on the surface of the stones. These 
growths in time become quite heavy, particularly during the first pro- 
longed warm weather following winter, and the filter then unloads. The 
effluent: from the filter is usually passed through a secondary tank to allow 
these solids to settle out and prevent their discharge with the final effluent. 

At the New Britain Experiment Station, the Imhoff tank was circular in 
plan and built of two-inch redwood staves reinforced by iron hoops. The 
tank was 9.6 feet diameter, 13.25 feet from water line to bottom of a 
conical concrete floor, with three-inch freeboard above the water line. The 
slope of the concrete floor was 1 foot vertical to 2.13 feet horizontal. The 
upper part of the tank was divided by sheets of galvanized iron into flow 
and scum chambers. The arrangement of partitions provided a flow cham- 
ber 17.2 feet long and 2.95 feet wide, one side being vertical, the other 
vertical to a depth of 2.71 feet below the water line and from that point 
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sloping 1.2 feet vertical to 1 foot horizontal. The flow chamber was really 
divided into two adjacent compartments by a vertical central partition, 
the sloping sides of the outer partitions forming an eight-inch slot under 
the central partition, 

The flow chamber had a capacity of 1800 gallons. Allowing for a depth 
of scum to within one foot above the bottom of the slot, the capacity of the 
scum chamber was 1110 gallons. The area of the scum chamber was 27% 
of the total surface area of the tank. Allowing for sludge to accumulate 
within one foot below the bottom of the slot, the sludge chamber had a 
capacity of 2435 gallons. 

Galvanized iron scum boards were placed across the flow chamber six 
inches from inlet and outlet ends. The outlet was a four-inch wrought 
iron pipe, entirely submerged, the top being about 0.1 of a foot below the 
water line. This pipe discharged into a launder leading to an orifice box 
placed above a siphon chamber. This orifice box was 24 inches by 17 
inches by 12 inches deep, fitted on the bottom with a 5é-inch diameter 
galvanized iron orifice, and a three-inch overflow pipe. A set of slotted 
baffles was located about halfway between the inlet and orifice. This 
arrangement maintained a constant head of 0.565 feet upon the orifice. 

The overflow from the orifice box was wasted into the main sewer and 
the orifice discharged into the dosing or siphon chamber. Originally, this. 
was a rectangular tank made of galvanized iron with a hopper bottom 
sloping from all sides toward the center, 2 feet vertical to 1 foot horizontal. 
The tank was 27 inches square in plan and 4 feet from the top to the bottom 
of the sloping floor. The bottom of the hopper, was a square, 9 inches on 
a side. 

A specially designed siphon of. 1% inches diameter lead pipe was inserted 
at the bottom of the tank. It consisted of a vented bell, a main trap and 
a trap vent. The bell was a round galvanized iron can, 8 inches diameter, 
8 inches high and vented by a 34-inch pipe. The distance between the top 
and bottom of the main trap was 8 inches. 

This arrangement of dosing chamber and siphon proved unsatisfactory 
on account of poor distribution over the sprinkling filter. A new dosing 
chamber and siphon were, therefore, designed which gave thoroughly 
satisfactory results. The new dosing chamber, as shown on the drawing, 
was a long, thin, galvanized iron tank, tapering slightly from top to 
bottom. The tank was 7 feet long, 12 inches diameter at the top and Io 
inches diameter at the bottom. The siphon bell was a small tank 24 inches 
long and 8 inches diameter, fitted with a t-inch diameter pipe, vent 
about 6 inches above the bottom of the bell. Inside the bell, this pipe 
extended to within one inch of the top. The trap was a 1% inch lead pipe, 
the depth of the short leg being 27 inches. The long leg extended into. 
the bell to within 2 inches of the top. The short leg discharged at a dis- 
tance of 8 inches below the bottom of the dosing tank. Although built 
from materials at hand, the siphon proved positive in action and discharged 
regularly on a four-minute schedule, one minute dosing and three minutes. 
resting. Distribution over the filter.was very good. The dosing tank and 
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siphon were specially designed for this short cycle to minimize the danger 
of freezing during the winter. During the winter, the trap and exposed 
piping leading to the sprinkling filter were encased in a box filled with 
manure. This and the short dosing cycle were effective in preventing 
freezing. 

The siphon discharged into a 2-inch wrought iron pipe, discharging 
through a 9/16 inch Worcester nozzle in the center of the sprinkling filter. 
Several sizes of this type of nozzle were tried, the 9/16 inch nozzle giving 
the best distribution for this installation. 

The sprinkling filter was circular in plan, being 12 feet in diameter. 
Walls were dry rubble masonry. Openings between stones on the out- 
side of the walls were filled with mortar to guard against freezing. ‘The 
floor was of concrete on which were laid 1% inch underdrains discharging 
into a main drain 6 inches wide and 4 inches deep. Above the underdrains, 
the body of the filter consisted of 2 inches crushed stone, 5 feet deep, laid 
on a one-foot layer of 4 inch stone. Protection of the spray against wind 
was provided by a sheet iron shield around the filter, extending about 2% 
feet above the surface. 

The filter effluent discharged into a small concrete sampling box, 18 
inches by 12 inches by 18 inches deep. It drained from this box into the 
secondary sedimentation tank. 

This tank was built of two-inch lumber. It was rectangular in plan, 
being 5 feet long, 2 feet wide, and 37 inches deep below the water line, 
with 3 inches freeboard above. The outlet was a 4-inch rectangular weir. 
Scum boards were provided near the inlet and outlet. The discharge was 
carried 100 feet in a 12-inch ditch to a large drainage ditch. 

Referring elevations to the local bench mark, which is a point on top of 
the pump inlet manhole, assumed elevation 100,00 feet, the following 
elevations show the loss of head in the various units of the Imhoff-sprink- 
ling filter plant: 


Ponte nm iiime lho tt ~ ak a Shr es see ese oe ok es 110.68 
FOG emberrO? OLIMCOG ss hits oe Grek ee ok MTG 110.08 
Ei-Discharee devel dosing tatty... Beste wells sae 107.80 
Eilon, of “Sprain ivngs Falter. 1.6. mmaiseticccei cs echoes 101.40 
FA Bottom ot discharee drain: from: filter. ckc oo cece 94.08 
Itt, Waker line Secondary Setiimig lank: i... oe - 93.88 
El. Bottom of discharge ditch ...... Earn Siete Madris res 92.80 


The total loss of head was 17.88 feet. 


In the design of the testing station, the location of the grit chamber and 
main weir box was determined from the head required by the Imhoff- 
Sprinkling Filter plant. This also fixed the operating head of the pump. 

A four-inch blow-off valve was provided in the bottom of the Imhoff 
tank, which could he connected to the sludge drying beds. 


MILES ACID PLANT 


In the Miles acid process, sulphurous anhydride, SOs, is introduced into 
the sewage. It reacts with the sewage liberating free fatty acids and also 
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has a germicidal effect upon the bacteria. The sludge is dried and 
degreased by treating with a suitable solvent, such as naphtha. The recov- 
ered grease may be valuable in the manufacture of commercial soaps and 
greases. 

The plant at New Britain consisted essentially of a wooden circulars 
settling tank with a special inlet arrangement for applying SO: gas from a 
cylinder. The tank was 5.67 feet in diameter, 11.1 feet deep below the 
water line and had a capacity of 2080 gallons. It had a flat bottom pro- 
vided with a 4-inch blow-off through which sludge could be drawn to the 
sludge drying beds. 

From the main weir box, the sewage was carried in a launder to a head 
box, somewhat similar to an orifice box. This box was 36 inches by Io 
inches by 9% inches deep, the normal water level being 4% inches above 
the bottom of the box. A 4-inch wrought iron pipe was connected at the 
bottom and led to the settling tank. From the bottom of the box, the — 
pipe ran downward vertically a distance of 12 inches, turned and ran 
7 feet horizontally to the center of the tank, then turned downward 
and ended 18 inches above the floor of the settling tank. The end was 
flared to the shape of an inverted funnel 18 inches diameter and 6 inches 
deep. . 

It was planned to introduce the SO: into the horizontal run of this pipe, 
it being assumed that there would be sufficient velocity of the sewage 
through the pipe to prevent the gas from coming back through the head 
box. This method, however, was not satisfactory, and when large quan- 
tities of gas were applied, it would bubble back through the head box. 
This arrangement was, therefore, changed so that the gas was introduced 
in the vertical part of the pipe in the center of the tank a distance of 3 
feet above the end of the pipe. This proved entirely satisfactory. Another 
method of introducting the gas was also tried. A fish ladder trough, Io 
feet long, 8 inches wide and 8 inches deep with staggered baffles every 18 
inches, was inserted between the main weir box and head box. SO: was 
introduced in the box by a long lead pipe, % inch diameter and perforated 
every 6 inches. The pipe ran the entire length of the box. This arrange- 
ment was unsatisfactory on account of clogging by precipitated solids. 


SCREENING PLANT 


Early in 1921 an agreement was.made between the Dorr Company, the 
City of New Britain and the State Department of Health to cooperate in 
the construction and operation of a screening plant, the capacity of the 
unit to be sufficient to screen the average dry weather flow. Construction 
was completed on March 8, 1921 and the tests started immediately there- 
after. The plant is located at the end of one of the settling basins just 
south of the experiment station and adjacent to what is known as the bar 
erid chamber. 

The plant consisted essentially of a horizontal drum screen 8 feet long 
placed in a concrete screening chamber 12 feet 6 inches-long and 9 feet 
wide with a horizontal floor 3 feet below the center line of the screen. 
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The flow was from outside to inside of the screen, the effluent being dis- 
charged through a special spout at one end of the drum. . The screen was 
revolved by a chain drive geared to a 2% horse power motor. The screen 
is self-cleaning, due to centrifugal action set up by rotation which raises 
the water level in the screening chamber about 6 inches above that at the 
point where the rotating screen leaves the sewage. This outside pressure 
dislodges the solids from the screen and they settle out in the screenings 
pit. This pit was of concrete 14 feet long, 4 feet wide and 10 feet 9 inches 
deep with a steeply sloping hopper bottom. The screenings were removed 
by a bucket elevator mounted on a wooden frame. The elevator was 
chain driven and geared to the motor driving the screen. There were 12 
buckets, all perforated sheet iron each about 12 inches long, 8 inches wide 
and 8 inches deep. The method of perforation varied for different buck- 
ets, some containing very small round perforations about 3/16 inches 
diameter, some vertical perforations and others horizontal. The perfora- 
tions were provided to allow the screenings to drain while being lifted by 
the bucket elevator. The screenings were delivered to a cart 4 feet wide 
made of sheet iron and provided with a semi-circular hopper bottom. A 
perforated iron plate was placed in the cart about 6 inches above the 
bottom and the bottom was tapped at the lowest point. A large quantity 
of water drained through the plate and was caught in the launder under 
the tap, and discharged back into the screenings pit. 

A wooden housing was provided for the motor and gears. 

For experimental purposes the location of the screening plant was ideal 
because by manipulating the gates of the bar grid chamber any desired 
amount of sewage could be delivered to the screen. There was a rectan- 
gular iron gate at the entrance to the screening chamber through which 
the sewage delivered to the screen must pass. This gate was used as a 
submerged orifice and carefully calibrated several times against a stand- 
ard weir and the theoretical discharge also computed for comparison. All 
the calibration curves were very smooth and consistent and agreed very 
closely with the theoretical discharge, so that flow measurements, as 
obtained by noting the head on the submerged orifice, are considered reli- 
ably accurate. 


OPERATING PLANT 


~ This was a one story wooden building, rectangular in plan, 21 feet long, 
12 feet 8 inches wide, 10 feet average height. It was partitioned off 
into two rooms, one serving as a laboratory, the other housing the pump- 
ing apparatus, blower apparatus, water supply tank, tools and necessary 
operating equipment. 


CALIBRATION OF APPARATUS—OPERATING AND ANALYTICAL RECORDS 


All weirs with the exception of the 4 inch rectangular weirs for the 
overflow from the main weir box and the activated sludge effluent were 
directly calibrated by noting the volumes delivered to convenient tanks 
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corresponding to known time intervals and weir settings. The discharges 
of the 4 inch rectangular weirs were computed from formule; all orifices 
were calibrated volumetrically by noting the time required to fill a suitable 
container of known volume. The main air meter for the activated sludge 
process was calibrated by Professor Lockwood of Yale University and 
the gas meter used for measuring the air to the sludge reaeration tank 
was calibrated by the manufacturers. 

All routine measurements were recorded on a daily measurement sheet 
and converted into operating rates by suitable factors and posted on daily 
operating records. Daily records were also kept of the analytical results. 
Daily rates and analyses were posted to monthly sheets for convenience 
in checking operation against results and deriving averages for different 
runs. Monthly sheets were provided for the crude sewage, grit chamber 
effluent and effluents from the activated sludge, Imhoff sprinkling filter 
and Miles acid processes. 


CHAr PEK Tt! 
INTERPRETATION OF RESULTS 


The effect of treating the sewage by the different processes is best deter- 
mined by comparing results of chemical and bacteriological tests’ of the 
treated with the untreated sewage. Sewage treatment usually accomplishes 
one or more of three results, i. e., clarification, a non-putrescible effluent, 
and removal of bacteria. The impurities in sewage may for convenience be 
grouped into the following classes: suspended solids, organic matter, mineral 
matter and bacteria. 


SUSPENDED SOLIDS 


These are the visible solids in the sewage. Some, known as settleable 
solids, are quite heavy and settle rather rapidly, while others known as col- 
loids are very minute and apparently incapable of settling even after pro- 
longed quiescence. Still other solids are quite light and float on the surface 
of the sewage. The amount of settleable solids is frequently determined 
in sewage analyses but no attempt is usually made to determine the amount 
of colloidal or floating solids. The settleable solids test is an important cri- 
terion where it is only desired to remove the coarse suspended matter. 
Where a greater degree of clarification is necessary, the results of treatment 
are best judged by comparing the total suspended solids in the sewage before 
and after treatment. 

The composition of the suspended matter varies considerably. Mineral 
matter such as grit, clay or chemical precipitates may be present in varying 
amounts, but in domestic sewage the greater part of the suspended solids 
usually consists of organic matter, i. e., substances of either animal or 
vegetable origin. In the chemical analyses of sewage usually no attempt is 
made to determine the actual composition of the suspended solids, but by 
testing for both volatile and total suspended solids, a close approximation is 
obtained of the proportion of organic to mineral matter. In ordinary domes- 
tic sewages at least 60% of the suspended solids and sometimes 90% or over 
are organic in composition. 


OrGANIC MATTER 


The decomposition of organic matter is the primary cause of objectionable 
nuisances from sewage, the most serious of which are the production of 
foul odors and stimulating the growth of objectionable forms of animal and 
vegetable life, particularly pathogenic organisms which cause. disease in 
human beings and cattle. Sewage discharged into streams may not only 
make them unsightly but also totally unfit for drinking and other domestic 
as well as certain manufacturing purposes. The object of sewage treatment 
should be to eliminate specific nuisances. 

Where the sewage causes excessive fouling of the stream, as is the case 
of the New Britain sewage discharging into the brook tributary to the Sebethe 
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River, the decomposition of the organic matter contributed by the sewage is 
without doubt the principal cause of existing nuisances. The treatment in 
this case should be such as to accomplish a high removal of organic matter. 
A good indication of the removal of organic matter is obtained by comparing 
the total volatile solids in the effluent with that of the raw sewage. Of the 
tests made at New Britain, however, the most valuable indexes of organic 
content are organic nitrogen, oxygen consumed and relative stability. Free 
ammonia, which is a decomposition product from organic nitrogen, is also 
of some value as indicating the organic content of the sewage, and the vol- 
atile suspended solids indicate the approximate amount of organic matter in 
suspension. Tee 

The organic nitrogen in sewage is in very complex combinations and may 
be removed in varying amounts from the sewage in any one of three ways. 
First, by decomposition, in which the complex nitrogenous compounds are 
broken down into simpler forms and some of the organic nitrogen changed 
to the mineral state, appearing as free ammonia. The ammonia odor usually 
noticed around stables comes from this reaction. Second, a certain amount of 
the complex nitrogenous compounds can be physically removed from the sew- 
age by screening or by allowing the suspended matter to settle out in tanks. 
Third, the sewage can be treated by methods in which biologic organisms, 
fostered by an abundant supply of air, apparently assimilate the organic mat- 
ter from the sewage for their food supply. Where high removal of organic 
matter is necessary, all three methods are sometimes combined as in the 
Imhoff sprinkling filter process, while in the activated sludge process and 
sand filtration the second and third are used. Other combinations, of course, 
may also be employed. The most effective removal of organic matter, how- 
ever, is accomplished by biologic processes accompanied by an abundant sup- 
ply of air. Chemical treatment is not nearly as effective for this purpose as 
biologic treatment. 

Ordinarily the oxygen consumed test furnishes a comparison of the rela- 
tive amounts of carbonaceous organic matter in different sewages and efflu- 
ents but the test does not show the exact amount of organic carbon present. 
When the sewage contains certain chemical compounds which possess the 
property of combining readily with oxygen, the oxygen consumed test loses 
some of its significance as an index of the carbonaceous organic content. 
In fact, the principal value of the test is to indicate the amount of matter 
readily oxidized by certain chemical reagents, and in ordinary domestic 
sewage this matter is practically all of a carbonaceous nature. The removal 
of carbonaceous organic matter is accomplished in the same manner as the 
removal of organic nitrogen, stimulation of the biologic processes by large 
volumes of air being necessary for very high removals. 


RELATIVE STABILITY 


When sewage decomposes, certain Galeae organisms thriving in the 
absence of oxygen and known as anaérobes, are responsible for the produc- 
tion of foul odors. These organisms thrive best in the sewage after the 
oxygen has become exhausted. To prevent foul decomposition, therefore, 


INDUSTRIAL WASTES REPORT 27 
a certain amount of oxygen should be present in the sewage to insure that 
the anaerobes do not become predominant. This amount of oxygen is known 
as the “biologic oxygen demand” and is entirely independent from the oxygen 
consumed figure. It is a very valuable index of the amount of organic matter 
present in the sewage since the demand increases with the organic content. 
Hence the amount of organic matter removed from the sewage by treatment 
is comparatively indicated by the reduction in biologic oxygen demand. Sew- 
ages, particularly highly purified effluents, contain oxygen in varying amounts. 
The proportion of oxygen present to that required by the biologic oxygen 
demand test is known as the relative stability. The higher the relative 
stability, therefore, the better the quality of the effluent. When the effluent 
contains as much or more oxygen than is required to satisfy the biologic 
demand, it is said to be stable or to have a relative stability of 100%. 

From the relative stability a very good indication is obtained of the time’ 
that the sewage will remain fresh, i. e., will not give off foul odors. In 
sewage analyses it is often preferable to determine the relative stability 
from the biologic oxygen demand test combined with other tests showing the 
amount of oxygen present in the sewage. There is, however, another test 
which is simpler than the biologic oxygen demand test by which the rela- 
tive stability can be determined directly, and because of its simplicity this 
latter test was adopted for the sewage effluents at New Britain. 

Relative stability and biologic oxygen demand tests depend upon the 
natural action of the organisms normally present in sewage. Where there 
is interference with this action the tests become worthless, and if not 
interpreted properly may lead to very serious errors. In ordinary domestic 
sewages, either untreated or treated by biologic processes such as sand fil- 
tration, sprinkling over filters, or activated sludge, there is practically no 
interference with the usual biologic action. Where the sewage is treated 
chemically, however, there may be either complete or partial sterilization of 
the sewage, thus either retarding or destroying the biologic action. Chemical 
sterilization of the sewage, either partial or quite complete, may be accom- 
plished by dosing with chemicals to provide either caustic alkalinity or free 
acidity in the sewage, or a special germicide such as chlorine gas may be 
employed. In order to make the relative stability or biologic oxygen demand 
test on a chemically sterilized sewage, it is first necessary to add other re- 
agents neutralizing the action of the germicide and then “seed” the neutral- 
ized sewage with normal sewage organisms. No interference was noted 
with the usual relative stability tests at New Britain except for the effluents 
from the Miles acid process and lime treatment. With these two processes 
the sewage had to be neutralized and seeded to obtain accurate results from 
the relative stability tests. 

The methods generally used for increasing the relative stability of the 
sewage are by removal of organic matter or by increasing the oxygen con- 
tent of the sewage. Either method alone if carried far enough will produce 
desired stabilities, although in actual practice both methods usually act 
simultaneously. 

The methods for removing organic matter have already been discussed 
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but a word of explanation is necessary to indicate how treatment of the 
sewage increases its oxygen content. 

Oxygen is originally present in several forms in sewage. Fresh water at 
known temperatures will absorb known quantities of oxygen from the air. 
When the water contains the maximum amount ordinarily possible, it is said 
to be saturated. When less amounts are present they are indicated by the 
percentage saturation. Upon entering the sewers there is almost always 
some dissolved oxygen present in the sewage. Nitrites, nitrates, sulphates, 
carbonates, metallic oxides and other compounds in the sewage contain oxygen 
which is more or less available to the sewage organisms. These organisms 
gradually deplete the oxygen and when all oxygen is exhausted the sewage 
becomes very foul or septic. To avoid foul sewage, therefore, it is essen- 
tial that abundant oxygen be present and this is effected by certain methods 
-of sewage treatment. In all these methods two things are common, first, 
proper aeration of sewage, and second, contact of the aerated sewage with 
a suitable biologic medium which has the power of retaining the oxygen 
in the sewage either in the dissolved form or by oxidizing certain of the 
sewage compounds. Under favorable conditions the necessary aeration and 
biologic contact are provided by several different methods of treatment, the 
most common being sand filtration and sprinkling filters. The comparatively 
recent activated sludge process is perhaps even more effective than the others 
in providing aeration and biologic contact but has not yet come into general 
use in this country on account of high operating costs. Dissolved oxygen 
tests indicate the extent to which free oxygen is in solution in the sewage. 
The oxidation of sewage compounds is indicated by the reduction of free 
ammonia accompanied by increase in nitrites or nitrates. 

In highly purified effluents there is a certain amount of organic matter 
which resists removal and passes off in the effluent. This organic matter, 
however, seems to be of a stable nature, i. e., does not decompose very 
readily. Quite large amounts of organic matter may be present in even 
highly purified effluents but as long as the removals of suspended solids, 
organic nitrogen and oxygen consumed are sufficiently high and are accom- 
panied by the desired relative stability, the high residual organic matter in 
the effluents has little significance. 


MINERAL MATTER 


Mineral matter, or total fixed solids in the sewage is represented by the 
difference between the total and volatile solids. If large quantities of indus- 
trial wastes of a mineral nature are discharged into the sewers, they can be 
usually detected by comparing the fixed solids of day with night sewage or 
of Sunday with week-day sewage. It is even more important, however, to 
determine the amount of certain mineral constituents than it is to determine 
the total amount of mineral matter. For this reason the total solids tests 
are frequently omitted in sewage analyses and other chemical tests made to 
determine the amount of certain mineral constituents. 

One of the most important of these tests is that for the reaction of the 
sewage. As mentioned previously, the presence of free acidity or caustic 
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alkalinity in the sewage produces more or less sterilization and is very likely 
to seriously impair if not totally destroy the effectiveness of biologic treat- 
ment. Domestic sewage, however, while alkaline in reaction usually does not 
contain caustic alkalinity but the alkalinity is what is termed “half bound,” in 
other words, due to bicarbonates of calcium and magnesium. This reaction 
is most favorable for biologic processes. In the tabulated results of the 
sewage analyses in this report the alkalinity is “half-bound” unless otherwise 
stated. Where chemical treatment of the sewage is contemplated with either 
acids or alkalies the amount of chemicals required is usually determined by 
the reaction of the sewage. 

-The amount of chlorine in a domestic sewage is often a good indication of 
its strength, as usually most of the chlorine comes from urine. Chlorine 
may also be contributed by industrial wastes as many manufacturing processes 
require the use of hvdrochloric acid and chlorides of metals. A comparison 
of the chlorine content of day and night sewage or Sunday and week day 
sewage is valuable as indicating the presence of industrial wastes. Nitrates 
in untreated sewage may also be indicative of the presence of wastes from 
industries using nitric acid or nitrate salts. 

Compounds of metals used such as iron and copper are also indicative of 
certain classes of industrial wastes and if present in comparatively large 
‘amounts may seriously interfere with biologic processes of sewage purifica- | 
tion. Certain copper salts are germicidal in action and should be eliminated 
from the sewage if biologic treatment is contemplated. Iron usually forms a 
precipitate in alkaline sewage and may cause serious clogging of sand filters 
and perhaps sprinkling filters. The presence of iron is apparently not detri- 
mental to the activated sludge process. Where biologic treatment is neces- 
sary, it is important that strong germicidal wastes such as bleaches from 
cleaning or dyeing processes or cyanides from metal plating processes, be 
kept out of the sewers. 

Where a high degree of sewage purification is necessary, the treatment 
employed should be capable of producing an effluent of very low iron con- 
tent. If comparatively large amounts of iron compounds are permitted to 
enter a small stream they may stimulate the growth of objectionable 
organisms which upon decay give rise to very foul odors. 


BACTERIA 


Since all sewage contains bacteria, some probably of the pathogenic type, 
it is always desirable that the treatment process employed be effective in 
removing these organisms. The required removal, however, depends very 
largely upon local conditions and is determined largely by the character of 
the water course receiving the sewage and also the purposes for which the 
water is used. Highest bacterial removals are necessary where the water 
course receiving sewage is used for potable purposes, or extensively for 
bathing. Lower removals are usually satisfactory where the volume of water 
is such as to provide a great amount of dilution. 

Removal of bacteria is accomplished in varying amounts by different 
forms of treatment. Very little removal is obtained by screening, a fair 
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removal may be obtained by sedimentation and very good and often excellent 
removals by the important biologic processes, namely, sand filtration, sprink- 
ling filters or activated sludge treatment. Sterilization with germicides such 
as chlorine gas or sulphur dioxide is also effective in providing very high 
removals of bacteria. Acids and alkalies also have sterilizing properties. 


SLUDGE 


All usual processes of treatment except chlorination produce more or less 
sludge as a result of removing suspended and sometimes dissolved solids 
from the sewage. The amount of wet sludge from any particular process is 
generally determined by volumetric measurements, and combining these with 
tests for specific gravity and moisture content, the amount of dry solids can 
be computed. Mineral and volatile solids tests on the dried sludge indicate 
the proportion of mineral to organic matter. Fatty matter is indicated by 
the plain ether extract test, while both fats and soaps are indicated by the 
acid ether extract test, the difference between the two representing the 
soaps. There has been considerable discussion and many experiments made 
‘to recover the fats from domestic sewage for commercial use, thus providing 
a revenue from sludge treatment. It does not seem likely, however, that the 
revenue from the fats normally present in the sewage will justify the expense 
of special sludge treatment to render them suitable for commercial sale. 
Recovery values from sewage fats, unless under very extraordinary con- 
ditions, appear to be more theoretical than practical. 

Sewage sludges, however, contain fertilizing ingredients in varying 
amounts, the most important of which is nitrogen. With the exception of 
activated sludge, the nitrogen content is generally so small as to render the 
sludge undesirable for fertilizer use. Phosphoric acid, “PoOs” is another 
fertilizing substance found in small quantities in sewage sludges. Other 
chemical tests are of value as indicating the amount of particular con- 
stituents in the sludge. 


CHAPTER TV 


CHARACTER OF SEWAGE 
OBSERVED CHARACTER OF SEWAGE 


From observation the day sewage had the appearance of a fairly strong 
domestic sewage, while the night flow, usually after 10 p.m. looked very 
weak, being often almost perfectly clear. During the war and shortly after- . 
wards, many of the factories were working on a 24-hour basis and tests 
during this period showed that there were short periods during the night 
when fairly strong sanitary sewage was contributed. Such periods, how- 
ever, were not noticed during the time the experiment station was operated. 
At various times within the last year large quantities of precipitated iron 
were visible, giving the sewage a characteristic reddish brown color. 
Occasionally the iron would come down in a great rush, the duration lasting 
perhaps only half an hour. At other times the iron was apparently rather 
evenly contributed throughout the day. Weak dye wastes of various colors 
were also observed for durations varying from several minutes to several 
hours. Occasionally the sewage contained considerable blood and fleshings, 
apparently from slaughter houses. Particularly large quantities of oil and 
grease were noted. Rags were present in abnormal amounts in the day 
sewage. Other visible constituents were dead dogs, cats, rats, spaghetti, 
sticks and large pieces of fruit and vegetables. . 


ANALYSIS OF SEWAGE 
SAMPLING AND ANALYTICAL DETERMINATIONS 


Hourly samples of the crude sewage were collected from the stilling 
barrel after pumping and composited in a large bottle, the sample being 
chloroformed and kept on ice. A portion was transferred to a one liter 
bottle for transportation to the laboratory of the Bureau at New Haven, 
where the following determinations were made on the composites in accord- 
ance with the standard methods of the American Public Health Association ; 
organic nitrogen, free ammonia (direct method), nitrites, nitrates, oxygen 
consumed from permanganate one-half hour at 100° C., solids (total and 
volatile), suspended solids (total and volatile); chlorides as chlorine, 
alkalinity and iron. At the experiment station dissolved oxygen tests were 
made twice a day at about 8 a.m. and 4 p.m., one sample representing weak 
sewage, the other strong. Bacteria, using lactose litmus agar at 37° C,, 
were plated out about twice a week, making a total and a red colony count. 
The above were the regular routine tests on the crude sewage. 

Special tests were made at the laboratory on individual hourly samples to 
show the variations in the strength of the sewage. Such tests were made 
on hourly samples collected Sunday, March 13, beginning 9 a.m. and con- 
tinuing to 8 a.m. Monday; Saturday, April 2, beginning 9 a.m. to 8 a.m. 
Sunday, and Tuesday, April 12, beginning 9 a.m. to 8 a.m. Wednesday. 
Full sanitary analyses were made on these hourly samples. 
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At the experiment station alkalinity and chlorine were determined cover- 
ing hourly samples throughout several days. 


DISCUSSION. OF ANALYSES 
Monthly Averages 


The following table shows the monthly averages compiled from the 
results of the daily tests. 
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In general, the averages show a sewage of average strength for a 
separate system carrying domestic sewage. The amount of iron, however, is 
considerably greater than that found in ordinary domestic sewage, due, no 
doubt, to industrial wastes entering the sewers. Nitrites and nitrates were 
always present and are attributed to industrial wastes containing nitric acid. 
Dissolved oxygen was practically always present, as shown by the daily 
tests, being noticeably lower in amount during the warmer months than 
during the colder. This is but natural, as the bacterial activity which de- 
creases the oxygen content in sewage is much more pronounced during the 
warmer months. This is particularly well confirmed by the bacterial 
counts, which show a well defined gradation with temperature. 


Hourly Averages 


Tables 3, 4 and 5 show analyses of hourly samples taken March 13, April 
2 and April-12,\102T: 








TABLE 3 
HOURLY ANALYSES CRUDE’ SEWAGE, SUNDAY, MARCH 173, 1921 
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TABLE 4 
HOURLY ANALYSES CRUDE SEWAGE, SATURDAY, APRIL 2, 1921 
Suspended 
Nitrogen as Oxy- Solids 
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TABLE 5 
HOURLY ANALYSES CRUDE SEWAGE, TUESDAY, APRIL 12, 1921 
Suspended 
Nitrogen as Oxy- Solids 
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These tables show that there is considerable variation in the strength of 
the sewage. Maximum concentration occurred between the hours of 8 a.m. 
and II p.m., while from about 2 a.m. to 7 a.m. the sewage was very dilute. 
Table 6 shows maximum and minimum concentrations of certain constituents 
and the times at which these occurred. 


TABLE 6 


MAXIMUM AND MINIMUM CONCENTRATION OF SEWAGE 
CONSTITUENTS FROM HOURLY ANALYSES 


Date and Time Date and Time 
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Night Sewage 
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From May 2 to May 18, 1921, special composites of the crude sewage were 
obtained and analyzed to determine the comparative strength of day and 


night sewage. 


The day sewage was sampled hourly from 7 a.m. to midnight 


and the night sewage from I a.m. to 6 a.m. Table 7 shows the results of 
analyses of these composites. 








TABLE 7 
CRUDE SEWAGE ANALYSES OF DAY AND NIGHT COMPOSITES 
Suspended 
Nitrogen as Oxy- Solids 
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A further comparison between day and night sewage is obtained from the 
analyses of the hourly samples as shown in Tables 3, 4 and 5. As the great 
bulk of the sewage is contributed from 8.30 a.m. to 8.30 p.m., these latter 
tables have been divided into two periods of 12 hours each, corresponding 
to the periods of heavy and light sewage flow. 

The most valuable determinations for measuring the strength of the New 
Britain sewage are organic nitrogen, free ammonia, oxygen consumed, total 
suspended solids and volatile suspended solids. As judged by these de- 
terminations the day sewage is about twice as strong as the night. Nitrites, 
nitrates, chlorine and alkalinity are influenced by industrial wastes and can- 
not be used as a measure of the strength of the sewage. For these de- 
terminations the difference between day and night sewage is not so great. 


Weighted Average Strength of Sewage 


The analyses as shown in Table 2 were made on composites containing 
equal portions of sewage collected hourly during the entire day. This pro- 
cedure was necessary because the sewage treated in the various experimental 
plants was delivered to these plants at a uniform rate throughout the day 
and the crude sewage composites, therefore, represented the influents to these 
plants. Due, however, to the variations in flow in the main sewers the 
analyses did not represent the true strength of the sewage. To obtain 
representative analyses it would have been necessary to secure composites in 
which the hourly portions were in direct proportion to the flow. Except for 
the period during which flow measurements were made this procedure was 
impossible. A fairly reasonable approximation of the true strength of the 
New Britain sewage can be made, however, from the day and night aver- 
ages of the hourly analyses by weighting these in proportion to the flow 
corresponding to these averages as determined by the flow measurements of 
October and November of 1920. These averages are shown in Table 8. 

From the table it is seen that the true strength of the New Britain sewage 
is about 20% greater than that determined from the tests of the regular 
composites. 


TABLE 8 


STRENGTH OF DAY AND NIGHT SEWAGE AND WEIGHTED 
AVERAGE DAILY STRENGTH* 


Nitrogen as Oxy- Suspended 


———+-——- ~‘gen Solids 
Con 

Or- Free sumed Vola- 

ganic Amm. Total: stile 


14.277)" 15.82.68 9. 163 6S 424.04 Day. Sewage 

Tins. BOO. 2 33 58 44 Night Sewage 
io <a ee 1IO 84 Direct Average Strength of Sewage 
13.2 14.6 60 139 106 Weighted Average Strength of SewageT 








* From tests of March 13, April 2 and April 12, 1921. 
+t Derived from day and night strength, weighted in proportion to flow. 
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SPECIAL TESTS 
Alkalimty 


In order to assure the success of biologic treatment of the sewage it is 
important that the sewage be alkaline at all times as acids are detrimental to 
biologic processes because of their germicidal action. In addition to the 
three days’ hourly samples, alkalinity determinations were made hourly from 
July 23 to July 28, inclusive, 1920. The highest alkalinity recorded was 
176 p.p.m. as CaCQOgs and the lowest 52 p.p.m. At no time was the sewage 
ever found to be acid. 


Settleable Solids 


Settleable solids after one hour’s settling in Imhoff glasses were run on 
the day sewage from April 26 to May 13, 1921. The settleable solids ranged 
from 3 to 13 cc. per liter and averaged 7.8 c.c per liter. This amount is 
very small for domestic sewage but is explained by the fact that the New 
Britain outfall sewer is about 3 miles long, laid on flat grades and affording 
a comparatively shallow depth of flow so that by the time the sewage 
reaches the sewer beds the solids are in a finely divided state, only a com. 
paratively small proportion settling within an hour. Another contributing. 
cause might be that the large amount of grease in the sewage forms a film 
over the small solids tending to buoy them up and prevent them from 
settling. 


CHAPTER V' 
GRIT CHAMBER 
OPERATION 


The two compartments of the grit chamber were operated alternately, each 
compartment being in service for periods varying from two to six weeks. 
The baffles placed across the outlet ends retained considerable scum. After 
discontinuing a compartment it was cleaned and the scum and sludge weighed 
separately. The retention period varied from 25 to 30 seconds, averaging 27 
seconds. Inlet velocity varied from .3 to .5 lineal feet per second, averaging 
.4 feet per second and the outlet velocity varied from .8 to I.o feet per second, 
averaging .o feet. An average of 90,000 gallons was passed through the 
grit chamber daily. 


DISCUSSION OF RESULTS 


ANALYTICAL DETERMINATIONS 


The grit chamber effluent was sampled and composited similarly to the 
crude sewage. For several periods, each extending over a number of weeks, 
full analyses were made. 


FULL ANALYSES 


The following table shows averages of both crude sewage and grit 
chamber effluent compiled from the daily analyses of composite samples. 


AI 
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From the averages of the above table it is seen that there is but little 
difference between the crude sewage and the grit chamber effluent. This is 
but natural in view of the very short retention period and relatively high 
velocities at which the chamber was operated. From the analyses, there is a 
small but noticeable removal of suspended solids. The analyses, in general, 
indicate that the grit chamber accomplished small removal of suspended 
solids with but very little effect upon the other constituents. 


CHARACTER OF GRIT 


In appearance the grit varied greatly from time to time. There was con- 
siderable material collected other than the mineral matter of true grit. 
Some days, for instance, spaghetti and pieces of vegetable matter were promi- 
nent. At other times, plum stones, grape seeds, undigested raisins, small 
sticks, nutshells, hairs and fibers, magnetic particles resembling emery powder, 
coffee grounds and heavy particles of organic matter were plainly visible 
when removing the grit from a compartment. The larger proportion of solids 
collected, however, were gritty in character. This material was highly 
putrescible, giving off a foul odor, and was black in color. 

The following table shows the chemical composition of the grit. 


TABLE 10 
ANALYSIS OF GRIT FROM GRIT CHAMBER 


Dry Basis Tests 








Sp. Gr. Moisture Per Cent Per Cent Per Cent Per Cent 
Min. Vol. Nitrogen Ether Extract 


> oS 














Date Plain Acidified 
June 23, 1920 1.31 27 sa 46.0 54.0 aSy 2.60 2590 
July-13, 1920" £39 51.0 87..2 12.0 .88 2596. R564 
Oct... 16, 1920. F.43 48.2 84.7 15.2 2A L:2 Boe 
Nov. 10; 1920) 51:34 54.2 Feo eR ay AR .54 6.8 ie: 
Dec: 6, F920, 17 54 44.4 88.7 rt .3 4 12 24 
Jaa. ati e02 0h)" 0; 32 59.8 Ta.8 25.2 LxO 2.8 5.2 
Feb.2f0;-1921 2.18 FOs5O 0) FO 7a, 220.96) to Lae 2.44 9.04 
Aprile G.. VOC. fo 63.5 — a —— 

Oech AV... it eo 52.3 74.8 25.2 .70 2.9 6.6 


There was marked variation for the different constituents. The specific 
gravity ranged from 1.18 to 1.54, averaging 1.36. Moisture varied from 
27.4% to 70.56%, averaging 52.3%. Mineral matter ranged from 46% to 
88.7%, averaging 74.8%; volatile matter from 11.3% to 54.0%, averaging 
25.2%. As expected, nitrogen and ether extract were very low, both being 
probably due in most part to coatings on the surface of gritty particles. 


CHARACTER OF SCUM 


Depending upon the length of time a compartment was in operation, the 
depth of the scum varied from one inch to three inches. There was notice- 
able difference in the appearance of the scum from time to time. It fre- 
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quently resembled a heavy dark oil. At other times, a dark yellowish 
grease was collected. Other extraneous matter was often contained in the 
scum, such as match sticks, vegetable stalks, pieces of vegetables, seeds and 
fine gritty particles. White molds were sometimes observed growing on the 
surface of the scum. Generally a stale greasy odor was noticed and on one 
occasion the odor strongly resembled varnish. 

The following table shows the analysis of the scum: 


TABLE 11 
ANALYSES OF SCUM FROM GRIT CHAMBER 


Dry Basis Tests 








Per Cent 

Date Sp. Gr. Moisture Per Per Per Ether Extract 
Cent Cent Cent 
Min. Vol. Nitrogen Plain Acidified 


pe ee 








June 22, 1920 0.96 39.4 5.3 94.7 22g 50.0 54.3 
Vulkeths. JQO20 1.987 BOLO 6.0 94. .93 76.48 ° 860-3 
Wet. -Oe1920 4 9Aa-. 28.78 8.05 91.05 .64 75.6 76.2 
Oct. <¥6, 1020 > “306 59.08 84.7 r.3 34 2 3.0 
Nov. 10, 1920 ~—.98 63.1 7.9 O25 £432 67.6 70.2 
Bec.7-6,-1920% 708 65.0 $23 O17 72 80.2 84.2 
JaneoFl, 1921-12003 74.2 5.9 94.1 .59 65.6 70.2 
Feb. 16, 1921 2006" 767° 04-05 2120-/ 47 7a a 80.56 85.52 
Febr23, 1921.) = 20. 17.5 82.5 costa 5 a 
April.:6, 1921 —— 47. 5.9 94.1 —_—— —— —_—— 
Direct Av,...  §:98 52.1 20:18, “7ONS .68 62.7 66.5 


This table shows that the scum is markedly different from the grit, the 
most striking feature being the low mineral matter, high volatile matter 
and very high fats. The following table shows this marked difference more 
clearly : 








TABLE 12 
COMPARISON OF GRIT AND SCUM FROM GRIT CHAMBERS 
Grit Scum 

Max. Min. Avge. Max. Min. Avge. 

pre k am baits 3 1.54 1.18 1.30 1.003 .96 .976 
Moisture, Oo: maak 70.6 27a 52 3 FA 2 20.0 Soi. 1 
Per Cent Mineral..... 88.7 46.0 74.8 84.7 5.3 20:42 
Per Cent Volatile..... 54.0 tee 25.2 94.7 15.3 79.8 
Nitrogen, %.. 0. Ps... 1s, a AG 1.32 122 a 
Plain Ether Extract;.% 2.196 bee 2.9 80.56 1.20 62.7 
Acid Ether Extract, % 15.6 2.4 6.6 86.3 3.80 66.5 


AMOUNT OF GRIT AND ScuM REMOVED 


The amounts of solids in the grit and scum were computed from the 
weighed amounts removed from the compartments and the moisture tests on 
representative samples. The following table shows these amounts for 
various periods. Averages have also been computed on the million gallon 
basis. 
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TABLE. 13 
AMOUNTS OF SCUM AND GRIT IN GRIT CHAMBER 


Dry Dry Dry 
Amount Weight Weight Solids Solids Solids in 

















Time Interval Sewage Wet Wet in in Scum 
Treated; > Scum, “Grit,  Seum, “Gris, and 
Grit; 
Gals. Lbs. Lbs. Lbs. Lbs: Lbs. 
Jame SCO. 22.0 1,765,000 25.0 22.0 ES. 20-0 aSet 
June 23 to July 13... 1,900,500/ 45.0 22 5 19.8 11-0 30.8 
July 14 to Aug. 13... 2,631,500 55.5 30.0 ‘i ——= 
Aug: 14 Vo Sept! o.4.5 27457,700" 6 3I°5 30.0 22.4 —— —— 
Sept. 10 to Oct. 16... 3,325,900 62.0 16.0 25.4 83 Ba 7, 
OCU. E7 GO INOW. Wr 2,2 Nan 200m | OA SO 17.0 17 33 FS 25.1 
Novert' to Mec.6?.... 62,390,300 45.0 45.0 15.7 25.0 40 <7 
Dee" 7to Jan Pies. 35870,000"" {55-0 58.0 472 23.4 a7.6 
Jaint2 tO ep: 160 93,070,000) 43070 55.0 9.6 16.2 25.8 
Feb: 27 touA pr. 6.7 "3 ;740;,000~% 40.0 720 22 19.3 40.5 
Apr. 740 May L2%. ..33130,000 - 536.0 74.0 % i - 
Av. per Million gals. 17.0 15.1 6.7 6.0 127 


* No moisture tests made. 


Averaging from the above table, the wet scum amounted to 17 pounds per 
million gallons; wet grit, 15.1 pounds; total, 32.1 pounds. Dry scum 
amounted to 6.7 pounds per million gallons; dry grit, 6.0 pounds; total, 12.7 
pounds. Assuming a specific gravity of .976 for the wet scum, .28 cubic 
feet of wet scum were produced per million gallons sewage. Assuming a 
specific gravity of 1.36 for the grit, .18 cubic feet of wet grit were produced 
per million gallons sewage. The total of wet scum and grit was .46 cubic 
feet, or .o17 cubic yards per million gallons sewage. 

The removal of 12.7 pounds of dry suspended matter per million gallons 
sewage corresponds to a removal of 1.5 p.p.m. of suspended solids from the 
crude sewage. It will be ncticed that Table 9 indicates a somewhat greater 
removal of suspended solids than is shown by the recovery of grit and 
scum. This fact was realized during the operation of the plant and upon 
careful investigation was attributed to unavoidable errors in sampling the 
effluent in the grit chamber. Based on the recovery of solids in the scum and 
grit, the grit chamber removed about 1.5% of the suspended matter from the 
crude sewage. 

Considerable grit collected in the main weir box, which necessitated thor- 
ough stirring up every hour. A noticeable amount of grit also accumulated 
in the activated sludge. This indicated that the operating rates of the grit 
chamber produced only incomplete removal of the grit, particularly the finer 
solids. For the New Britain sewage, the grit should be removed as com- 
pletely as possible before treating in subsequent units. It is, therefore, ad- 
visable that on a full size grit chamber, the retention period should be about 
three minutes, rather than one-half minute, and the velocities should range 
from one-quarter to one-half lineal foot per second rather than one-half to 
one foot per second as in the experimental unit. The grit chambers should 
also be subdivided into a number of compartments to permit of required 
flexibility in operation. 


CHA Pin. Wi 
SCREENING PEANT 


OPERATION OF PLANT 


A standard drum type Dorrco screen, as described in Chapter II, was used. 
The volume of sewage passing through the screen was controlled by means 
of the regulating gates at the bar grid chamber adjacent to the screening 
plant. The sewage passed from the outside to the inside of the screen dis- 
charging through an open circular pulley at one end, the other end being 
closed by a sheet iron frame. Raw sewage was prevented from mixing with 
the screened effluent by a semi-circular cast iron adjustable lip with a vertical 








Fig. 9.—Screening plant during construction, showing drum screen, motor 
and gears. Lower part of bucket elevator in upper right hand corner. 


face fastened to the wall of the screening chamber and clearing the outer 
rim of the pulley by about one-eighth of an inch. Screenings lodging be- 
_tween the pulley and adjustable lip sealed this small space against the en- 
trance of crude sewage, and caused practically no friction as the pulley 
revolved with the drum. 

The solids in passing around the screen were automatically discharged 
into the screenings pit. Two methods of delivering the screenings to the 
pit were tried, one by attaching a small fin to the revolving screen, the other 
by utilizing the normal revolving action of the screen for discharging the 
solids to the pit. The fin revolving with the screen caused considerable 
splashing when it struck the water surface. No splashing occurred when 
operating without the fin, but this method has the disadvantage of appreciably 
decreasing the storage capacity of the screenings pit. The splashing can be 


40 STATE DEPARTMENT OF HEALTH 


easily confined to a very small space and is not serious. The use of a small 
fin is therefore better for removing the solids to the screenings pit. 

The screenings were removed from the pit by a bucket elevator and con- 
siderable of the water drained through the perforated buckets during the 
process. From the buckets they dropped into carts and were further drained 
by means of perforated plates forming a false bottom. 

As shown by switchboard tests, two horse power were required to operate 
both screen and elevator continuously throughout the entire day. For the 
screen alone 1.56 horse power is required. As the elevator will be operated 
only 8 hours each day, the total power required to screen the entire New 
Britain sewage during average dry weather or light storm flow will be some- 
what less than two horse power. During severe storms the flow may range 








Fig. 10—Dorrco screen. The revolving screen raises the sewage on the 
inside of the drum about six inches above the average level on the outside, 
causing some of the sewage to flow outward through the screen and remove 
the solids adhering to the plate. The righthand half of the drum, at the 
time this picture was taken, was covered with a plate of unperforated sheet 
iron. 


from three to five times the normal dry weather flow which would exceed, 
the capacity of the plant as at present designed. The flow therefore in excess 
of 6 M.G.D. is automatically by-passed over a weir wall forming one side of 
the screening chamber. 

Shipments of special mechanical parts, particularly gears and bearing 
boxes, were delayed when the foundations were ready and in order to start 
operation substitutes of inferior quality were used. The bearing boxes 
proved to be too light and could not be properly lubricated. Several of 
them broke during the early tests causing a temporary shutting down of the 
plant. The use of substitute parts also caused considerable vibration in the 
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motor and gear house, necessitating occasional shut-downs. These faults 
and interruptions all ceased when the originally specified parts were installed. 
Outside of the delays caused by the use of substitute parts, the plant was 
operated without mechanical difficulty. 

Three different sized perforations of slotted screen plates were eed 
The slots were 4%” x 14”, %” x we” and %”.x 1/30”. ‘All slots were 
parallel to the drum axis. The capacity of the screen with the 7s” slots 
was 6 M.G.D. The total screen area was 121.5 sq. ft., giving a maximum 
rate of screening of 49,400 gallons per square foot per day. 

An important feature of this screen is its self-cleaning action. The re- 
volving action raises the level of the sewage on the inside of the plate several 
inches above the outside level at the point where the screen emerges from 
the sewage, causing a small flow from inside of the screen to the outside, 
which dislodges the solids caught against the screen. The speed of rotation 
iS an important factor in this self-cleaning action. In these experiments 20 
to 22 revolutions per minute or a peripheral speed of about 330 feet per 
minute gave the best results. 

It was at first proposed to run tests on a 6 ft. diameter as well as the 4 ft. 
IO in. diameter screen and the screen chamber was built with this in mind. 
The chamber as built, therefore, was not suitable for operating one screen 
and a noticeable amount of dead space covered by a more or less heavy scum 
of grease resulted. This condition was much more pronounced during low 
flows than high, and during the low flows a film of grease formed on the 
screen at the end adjacent to the dead space and gradually encroached upon 
the rest of the screen. When passing the total dry weather flow through the 
screen, it was usually necessary to remove this grease twice a week. The 
entire screen at these times could be cleaned by one man in from 30 to 4o 
minutes, using kerosene and a small wire brush. With a properly designed 
screen chamber there should be no clogging of the screen by grease. 


DISCUSSION OF RESULTS 


y) 


SAMPLING AND ANALYTICAL DETERMINATIONS 


In all, twelve complete efficiency tests were made on the screen, the first 
series of eleven being experimental and the last test made in the nature of a 
performance test under actual conditions. In some of the first series the 
sewage was delivered to the screen at a constant rate throughout the testing 
period. During these periods, composite samples of the screened effluent were 
obtained from half pint samples collected every half hour. When the screen 
was receiving the total flow, the samples were composited in proportion to 
the volume of sewage delivered to the screen. This procedure was also 
followed during the performance test except that samples were collected 
hourly instead of half hourly. 

Suspended solids were run on the effluent composites and at times the 
settleable solids were run on both influent and effluent. 
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The volume of screenings obtained from the sewage was measured and 
representative samples secured for specific gravity and moisture tests. From 
these tests, combined with the volume of screenings, the dry screenings re- 
moved from the sewage were computed. 


SCREEN EFFICIENCIES 


A total of 48,840,000 gallons of sewage was passed through the screen 
for the first eleven experimental tests. These experimental tests were made 
by the Dorr Company in cooperation with the State Department of Health 
and the city of New Britain. Samples were collected and other data secured 
by representatives of the Department and in some cases analytical tests also 
were made by the Department. Most of these tests, however, were made 
by representatives of the Dorr Company. The performance test was made 
independently by the State Department of Health and covered a period of 
seven full consecutive days in which the total flow of sewage was passed 
through the screen, using #” stots. For the whole period this amounted 
to 23,100,000 gallons. The total volume of sewage covered by. all the screen- 
ing tests, therefore, amounted to 71,940,000 gallons. 

Table 14 shows the results of the experimental tests and Tables 15 and 16 
show the results of the performance test. 
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TABLE’ 1s 


RESULTS OF SCREEN PERFORMANCE TEST 
OCT. 3-FO OCT. 10. Une.) 402 


Total Daily Sewage Flow Treated 


lx 14” Perforated Screen Plate, 24.3% Openings 
Screen 4’ 10’ Diameter, 8’ Wide 


Sus- Screenings 
pended Removed from Pit* 

Total Solids ———-———~-—-_—_—_— 

Flow in Speci- Per Dry 
Mil- Efflu- Vol. fic Cent Screen- 

Date lion ent Cu. Ft. Grav- Mois- ings 

1921 Time Gals.) p.p.in, iby ture Jibs. 
Ogi Baty ih. 3.80 DaNVtO.8 Asm, D.Gu.. p23 of —— —— O 
Ao. a 1): Bal bo Oval... 3.6.) 172 3 78s GhO3> 76 Aen oe 
BO. ct: 9 a.m. to 9-a.m. B48 PSO INET WO hee 
6-7 oe FO BA GOD: G0 2.500 L860 \ 78 G OSs -Sieee NG7s 
Y= Bris, pee @, Snes (00) OMB, tees ort BAW 2 P80 41972 gl305, 4.58.84 1,456 
8-O))....0. 2.0 ai. fo Ova.m.§ 3 On NTO 78) ARAOas C2 ts Som 
O=10..057,. 0 adn. 10.34.30 pint. fo 4. 3. S68 22) 1 569: Sa45- 2,786 


Total volume sewage treated = 23,100,000 gals. 
Average daily volume sewage treated = 3,300,000 gals. 
Weighted average suspended solids in effluent = 168 p.p.m. 


Total amount of dry screenings accumulated = 8,759 lbs., which is equivalent 
to a removal of 45.6 p.p.m. suspended solids from sewage. 


Computed weighted average suspended solids in raw sewage = 214 p.p.m. 
Suspended solids removed by screen = Bi 3[o. 


Maximum rate of screening = 6 M.G.D., with a loss of head through the 
screen of about 5 inches. 


Weighted average tests of screenings; volume = 30 cu. ft. per million 
gallons sewage, specific gravity = 1.08, moisture = 81.0%, dry screen- 


ings = 380 lbs. per million gallons sewage. 





* These figures do not show the total amount of screenings accumulated daily as the screenings 
pit was not thoroughly cleaned every day. 

¢ Screenings allowed to accumulate in pit, which was cleaned before starting the tests. 

{t Large amount of screenings due to cleaning pit after sewage flow had been shut off at end 
of test on Oct. 10. 

§ Operation of screen suspended 10 minutes on Oct. 8 to remove grease from plate. - 

{ Operation of screen suspended 20 minutes on Oct. 9 to remove grease from plate. 
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TABLE 16 


REMOVAL OF SETTLEABLE SOLIDS BY SCREEN 
| Oct. 6-7, 1921 
Settleable Solids 
C.C. per Liter 


Influent Effluent 
OR Gite. © ec, tee Leen tk een mat! at ay oes t ule Meee ots 5.5 4.0 
OS eS Nor. rhe IN SE Me ke no 8 tee oP aia Hae 16.0 14.0 
OO ies ct: SOUR Osment SRN Se Mc a, «eA AN on ae) 5.0 3.5 
ED RUEIAN A ee costae: Be lane mime nd Sat re mac ing Bat Bch 6.0 5.5 
J OGLE SRG NS Metis renee, A Seale uae Mer HNC e, Ue aa oA AR na 4.0 2.0 
ite eee aay ee eat are RY eee TEAL Ye At ees mi i, 3.0 2.3 
SRO clic oiceArien pitlvor pete engine aay eee Lek 3.0 2.0 
OM) AUN ee Petia eR a eM opt er SRS atl Cts 3.5 3.0 
io SEONG E ATCA DRI peel Oe Re hy EEN ORME cig SFC ee ge ey A 3.0 25 
CD EN SOG etek, 5 AACA ean a Reale ah ys, Seek aa an SOS RRC 210 1.0 
IS TENET IT SAIS Es ee Se ARM CMTE en OA sO SS A 1.0 e) 
DRA lee sere lass erect PCR Tae TR fone Ee Re ead see oO fe) 
Wr CmGeC Ven AMe (shel a | re hit so se te 2.8 Deis: 


Removal by screen = 29.0% 


* Excessive settleable solids due to heavy precipitate of iron in sewage. Figures for 10 a.m 
not included in averages as they did not represent normal conditions. 


Seven tests were made of the %” x 4” perforated plate, the removal 
of suspended solids varying from 6.88% to 12.2%. In actual practice, with 
the New Britain sewage, an average of about 914% removal may be expected 
from this size screen. 

Two experimental tests were run on the #” x Y%” perforated plate. 
With the sewage delivered to the screen at a constant rate of 2,000,000 gal- 
fons per day for seven consecutive days, the removal of suspended solids 
amounted to 14.8% and settleable solids 40.6%. With the entire sewage flow 
treated in four consecutive days, the removal of suspended solids was 19.8% 
and settleable solids 30.6%. 

- The seven day performance test on the 7” x 4%” slots, treating the entire 
New Britain sewage during that period, removed an average of 21.3% of the 
suspended solids and 29.0% of the settleable solids. These results were 
almost identical with those of Test No. 9, Table 14, obtained by the Dorr Co. 

Two experimental tests were made on the 1/30” x %” perforated plate 
treating only the strong day sewage, in one case from g a.m. to Io p.m. and 
in the other from 8 a.m. to 10 p.m. The removals of suspended solids were 
25.0% and 24.9%, respectively. 

In general, the removals of suspended matter by the various screens 
were surprisingly high. 


AMOUNT AND CHARACTER OF SCREENINGS 


The specific gravity of the screenings varied from 1.05 to 1.15. Moistures 
varied from 77.8% to 95.6% from daily or test averages. The lowest mois- 
ture on any single cartload of screening was 73%, after: allowing the screen- 
ings to drain for twelve hours. Dry screenings varied from 59 lbs. to 468 
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Ibs. per million gallons. The removal of screenings as suspended solids 
ranged from 7 to 57 parts per million. 

The screenings from the 7” slots were naturally somewhat greater in 
amount than those from the 4%” slots. The specific gravity ranged from I.1I 
to 1.12 and moisture from 83.0% to 90.5%. The dry screenings varied from 
162 Ibs. to 330 lbs. per million gallons and the removal of screenings as sus- 
pended solids from 20 to 40 p.p.m. for the 7” slot experimental tests. 

The two experimental tests cn the 1/30” slots gave specific gravities of 
1.14 and 1.15, moisture 85.4% and 86.7%, dry screenings 453 lbs. per million 
gallons and 468 lbs. per million gallons. The screenings as suspended solids 
were 54 p.p.m. and 57 p.p.m. 

The performance test on the 7” slots indicated a volume of screenings 
equal to 30 cu. ft. per million gallons of sewage, specific gravity 1.08, moisture 
81.0% and dry screenings 380 lbs. per million gallons of sewage. 

The screenings were disposed of by drying on the ground. During the . 
first three or four days’ drying the odor was noticeable, after which it 
gradually decreased. In warm weather, however, there was considerable 
breeding of flies in the screenings. This could be prevented by spraying a 
suitable fly repellent over the screenings. One other method of disposal was 
tried in which the wet screenings were spread in a very thin layer over a 
piece of land which for years had been practically unproductive. The land 
was sown to grass and as a result of fertilizing with screenings, a very 
even and heavy growth was obtained. There was but little or no odor and 
the superintendent of the sewer beds was of the opinion that without the 
fertilizing effect of the screenings, there would have been practically no 
growth on the land. No difficulty is anticipated in suitable disposal of the 
screenings from a full-sized plant. 


CHAPTER Vil 
MIELE Svk€ ID PROCESS 


OPERATION OF PLANT 


In all six runs were made in the Miles Acid Plant, the total time of oper- 
ation being somewhat more than eight months. The first run, however, was 
plain sedimentation, no acid being used. This was done for the purpose of 
comparing results produced by the plant without and with the use of sul- 
phurous anhydride, which was applied to the sewage in the gaseous state from 
cylinders containing it in liquid form. From the results obtained from May 
24 to November 14, 1920, it was decided that continuation of operation would 
not provide data of material value. In order to check the results obtained in 
this period, however, the plant was operated, using a somewhat different 
method of applying the gas, for a short period in January, 1921, and from 
March 24 to May 2, 1921. 

Outside of controlling low acid dosage, there were no operating difficulties. 
As mentioned before, the acid was applied to the sewage in the gaseous form 
from liquid in cylinders. All the cylinders were fitted with valves to regulate 
the discharge of the gas. Unfortunately, however, these valves were not 
sufficiently delicate for the purpose of very accurate regulation of exceedingly 
small discharges from the cylinders, a condition required by the process for 
economical acid dosage. Due to this arrangement, there were times during 
several days from July 28 to November 14, 1921, when the effluent showed no 
free acidity. In order to provide sufficient acid, a slight adjustment of the 
valve was made and the smallest turn possible resulted in a too large excess 
of acidity. During this period the gas was applied to the central inlet pipe in 
the tank, as shown in the drawings. Throughout the entire operation of the 
process, particular care was taken to maintain an excess acidity in the 
effuent of 50 p.p.m. measured as CaCOz. Hourly titrations of the effluent 
showed the utter impossibility of maintaining anything like a constant acidity 
with the type of valve used on the cylinders. The occasions when the effluent 
was alkaline for a very short time during the‘ day probably had no 
measureable influence upon the results obtained. 

During the run in January, 1921, the process was operated by applying a 
uniformly large quantity of gas to insure acidity of the effluent at all times as 
checked by half hourly titrations, the acid being applied in the same manner 
as in the previous runs. 

From March 24 to May 2, I921, the method of application of the acid was 
changed, using the fish ladder arrangement described in Chapter II. Par- 
ticular attention was again given to the acid dosage, and it might be men- 
tioned that samples taken five minutes apart showed widely varying acid 
content, indicating the difficulty of controlling the acidity of the effluent. 
Both the fish ladder and the previous arrangement provided proper mixing 
of the gas with the sewage, and the poor quality of the effluent was not due 
to improper mixing, but apparently to the unsuitability of the process for 
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treating New Britain sewage. This was further borne out by the fact that 
the night and Sunday effluents were consistently very clear, while the day 
effluents contained a visibly large amount of suspended matter. Experiments 
in beakers, in which a large excess of acid was added to samples of the day 
sewage, very thoroughly mixed and allowed to settle from four to twenty- 
four hours, produced effluents of practically the same appearance as those 
from the experimental plant. If poor mixing were the cause of the turbidity 
in the effluent, it would be natural to expect that the night and Sunday 
sewages would be affected. The fact that the night sewage was weaker than 
day sewage and the Sunday sewage usually somewhat stronger, suggests 
that the process was probably affected, particularly as regards clarification, 
by industrial wastes contributed in the day sewage. 

Besides the valve arrangement, occasional trouble in applying the acid, 
particularly during cold weather, was experienced when the pressure in the 
cylinders became very low, causing the sewage to rush back along the acid 
feed pipe shutting off the gas.supply. This was probably due to a combina- 
tion of two conditions: first, the pressure of gas being insufficient to over- 
come the hydrostatic head while applying it in the central inlet pipe; second, 
the extreme solubility of the gas causing a partial vacuum in the acid feed 
pipe drawing the sewage back toward the cylinder. 

For proper operation, the effluent should always have an acid reaction. 
To save in cost of SOs, the acidity should be kept at the lowest practical 
minimum. It is quite likely that even a fairly large excess of acidity, say 
400 p.p.m., will produce results but little, if any, different from those with 
the practical minimum acidity of about 50 p.p.m., as CaCQOs, with the ex- 
ception that the greater the acidity the greater would be the solvent action 
on some of the constituents of the sewage. 

The Miles Acid Plant at New Britain treated about 12,000 gallons of 
sewage per day, with a retention period of four hours and an acid dosage 
varying from zero to 2,872 pounds SOeg gas per million gallons sewage as 
run averages. The highest daily dosage was 4,450 pounds per million gal- 
lons. Operating rates are shown in the table of averages for the various runs. 


DISCUSSION OF RESULTS 


Analytical Determinations 


The effluent was sampled and composited similarly to the crude sewage, the 
same routine tests being made with the exception of the dissolved oxygen. 
Several relative stability tests were run during the last few days the process 
was in operation. The procedure differed somewhat from stability tests on 
ordinary sewages and for this reason the method is described in detail. Two 
one-quart Mason jars were half filled with the effluent. The sample from one 
of the jars was neutralized with lime, small portions being poured into a 
beaker and tested with phenolphthalein and methyl orange. The second 
Mason jar was a reserve portion of the sample so that if too much lime were 
added to the first, it was neutralized by some oi the liquid from the second. 
Adjustments were continued so that the final sample contained neither caustic 
alkali nor acid. The neutralized effluent was then seeded with sewage bac- 
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teria from a droplet of crude sewage. Some of the liquid was then poured 
into a stability bottle containing methylene blue, stoppered to allow for ex- 
pansion and incubated in the usual way at 20° C. Excessive agitation of the 
sample during neutralization and seeding no doubt introduced some dissolved 
oxygen, which would tend to give a higher relative stability result than was 
actually the case. No account was taken of this dissolved oxygen for the 
test. 

At the Experiment Station, titrations were made to determine the acidity 
of the effluent at least once an hour and very often two or more times. A few 
tests were made at five minute intervals. Table 17 shows average operating 
rates and analytical results for the various runs as compiled from the daily 
records. . 
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Organic Nitrogen 


Plain sedimentation showed better removal of organic nitrogen than any of 
the runs using acid. Plain sedimentation, using the same operating conditions 
as in the other runs with the exception of the acid, gave an average removal 
of 47.9%. The best removal using acid was 15.1%, while in two runs the 
organic nitrogen was slightly greater in the effluent than in the influent, 
Run 5 showing an increase of .6 p.p.m. and Run 6 an increase of .2 p.p.m. 
As these increases are very slight and well within error of sampling, the 
organic nitrogen in the effluent for these two runs may be considered as 
practically identical with that in the influent. It is not reasonable to expect 
that the reaction of the acid with the sewage would precipitate the bulk of the 
organic nitrogen, a considerable part of which is doubtless in solution. On 
the other hand, the acid exerts a solvent action on the organic nitrogen in 
the suspended matter in the crude sewage. This is clearly shown by the 
comparatively greater amount of organic nitrogen in the Miles acid effluent 
than the effluent from plain sedimentation. With such poor removal of 
organic nitrogen by the Miles acid process, the indications are that the 
effluent is potentially very putrescible. 


Free Ammonia 


As expected, without the use of acid the effluent showed a slight increase 
in free ammonia over the influent. With the use of acid a removal of free 
ammonia took place ranging from 16.1% to 31.5%. No definite reason is 
given for this removal. In biologic processes, removal of free ammonia is 
usually accompanied by nitrification. In the Miles acid process, this ex- 
planation is, of course, not acceptable. 


Nutrites and Nitrates 


_ Nitrification was neither expected nor found. Nitrites were consistently 
decreased, however, but the nitrates were in general but little affected. 


Oxygen Consumed 


With plain settling, the oxygen consumed figure was reduced 36.4%. With 
acid treatment, the maximuin reduction was 20.6% and in three runs in- 
creases were noted, the maximum being 38.9%, occurring simultaneously 
with the maximum acid dosage. This would be expected because of the 
known reducing action of sulphurous acid and its compounds. 


Total and Volatile Suspended Solids 


With plain sedimentation, the removal of total suspended solids was 53.6%. 
The removal using acid ranged from 55.0% to 81.6%. With plain settling, 
there was a reduction of 50.5% of the volatile suspended matter, and with 
acid the reduction varied from 49.2% to 73.0%. During the day, com- 
paratively large amounts of suspended matter were visible and the effluent 
from the Miles acid process was quite opalescent in appearance. 


Reaction 


In Run 2 it was attempted to apply the acid at a constant rate throughout 
the run; but, in spite of the closest attention to operation, this was impossible 
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with the apparatus used. Several of the daily composites of the effluent 
were alkaline during this run, and frequently, even with acid composites, 
there were times during the day when the effluent was alkaline. Table 18 
shows the range in acidity during this run, as determined from hourly 
titrations. 


TABLE 18 
RANGE IN ACIDITY OF MILES ACID EFFLUENT 
Acid 
Dosage 
LS. 
SO; per 
M.G. 
Date Average Maximum Minimum Sewage 
SUN 2a cual ag ck a, inden th Romeo, 143 136 72 ——f 
BAS rains te ies ea ae 115 128 70 = 
BS UNia), MeAgks Wh Re, |, 120 150 96 Se 
26 oe eee Eee inks ohana 116 176 52 sachaue? 
Da sinatra cies ie ah ar ig eae 114 172 80 ——4 
2) eRe Ena ok 59 172 soA* —— 
AG Hai a As AEN oo aS 34 96 44A 637 
iO ee aang aU err ent A eae, Ween 18 76 48A 1,290 
(Sana cee eka Scheer enOnen ceerela,! 35 80 20A 1,180 
fe SY En ON oe yaa ei oe Ae 34 68 36A 1,145 
: Dae ae La A AM AW Dee ee 121 624 80A 4,450 
Ce aot Nn gy ee ee, ene 73 548 O 1,290 
ANS Tee Ne ac a eta Mn can eet 109 164 32 1,410 
D2 oe kA ATES AON nec! tag, Mis feds 8I 192 12 1,230 
OM SAE AE i ts ORE. a 60 180 28A 1,605 
Ge Nee ee ee Se 53 180 80A 1,150 
Opens Mle ner eRe rear cea 29 72 32A 1,448 
DO ioe cad een ee te ae 22 £72 44 1,130 
Id URC Giada Deane a 14A 100 116A L130 
FN OS hit Shey ae) OEE aA 69 296 124A 830 
CSR Te LOO ere ee fs 83A 16A 125A 954 
TAL Le Me NRE Aber? ere ed oak 57A g2 170A 1,790 
RO ere eum ard Ca hehe hee ee 90A 48 210A 653 
WS es Serene, Netaee, Cag <a Site Se AO 362 46A 2,220 
I fis ag oe a ah ee 4I 286 70A 1,030 


* A=Alkaline. 

t No scales available to weigh SOz2 till July 29. 

In the remainder of the runs, the acidity in the effluent was much better 
controlled and but little difficulty was experienced in keeping the effluent acid 
at all times. This is a necessary requirement for the Miles acid process. 
The variation in alkalinity of the New Britain sewage, however, is so great 
that even with the best of apparatus, control of the reaction of the effluent 
would be difficult and to secure an economical dosage the acid would have 
to be regulated every few minutes, according to numerous titrations. This 
method of operation would be very cumbersome in a large plant. 


Iron 


With plain sedimentation, there was a removal of 31.8%. With acid 
treatment, high iron removal was not expected, the maximum of 20.8% being 
possibly due to the settlement of the insoluble iron oxide before the acid had 
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time to exert a solvent action. After Run 4, there was a noticeable increase 
in iron in the effluent which was visibly due to the acid attacking the iron 
piping in the tank, parts of which were entirely eaten away. The piping was 
originally painted with asphalt paint, but apparently this coating was 
gradually removed exposing more and more iron to the action of the acid 
as time went on. This is shown very clearly in Table 17, the removal of iron 
by the acid treatment decreasing chronologically by runs. 


Fats 


Only a few odd determinations were made of the crude sewage and Miles 
acid effluent. The crude sewage composite of March 31 showed an acidified 
ether extract of 53.3 p.p.m. The daily composites of the crude sewage from 
April 25 to 28, inclusive, were composited into one sample. The acidified 
ether extract on this sample was 55.3 p.p.m. The Miles acid effluent, similarly 
composited for the same dates, had an ether extract of I0.1 p.p.m., while 
the composite of April 2 contained 20.2 p.p.m. The indications from these 
tests are that an appreciable amount of fatty matter was being carried over 
into the effluent. The suspended matter in the day effluent contained mostly 
small white particles, which upon concentration and examination appeared 
to be a lime soap. It was obvious from tests made in Imhoff glasses that 
the specific gravity of this material was so nearly that of water that it 
would neither settle nor float even after continued quiescence of 48 hours. 
This no doubt accounts for the fat content of the Miles acid effluent. 


Bacteria. Total and Acid Colony Count 


It was expected, since SOg has strong germicidal properties, that the 
bacterial count of the sewage would be materially reduced. This was found 
to be the case, as shown by a removal of total bacteria of from 81.6% to 
99.99% and a removal of acid colonies of from 78.9% to 99.99%. 


‘Relative Stability 


In view of the very low removal of organic nitrogen and oxygen con- 
sumed, and frequent increase in the latter, it was to be expected that the 
neutralized and seeded effluent would still be very putrescible. This was 
fully corroborated by the relative stability tests, described previously in this 
chapter. In all twelve tests were made, two being made each day for six 
days, one at 10 a.m., corresponding to the weak night sewage of four hours . 
previous, the other at 5 p.m., corresponding to the strong day sewage. The 
following table shows the stabilities obtained from all the tests. 
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TABLE I9 
RELATIVE STABILITY MILES ACID EFFLUENT 
Relative 
Stability 
Date, 1921 Time % 
128 0 9 > Sr oe we Aaa haa ar A ts Ph Monn Hs 10 a.m. 12 
BER MOTU Ie: SRSA, Ct Se aoa 5 p-m. 10 
DO 2 ii ocsngte Dis, adie Sele Ue a vk ot ene one 10 a.m. 30 
DON ero ha ates tara SRR ee ane 5 p.m. 30 
BPS AOL ag cess ls ok PROSE E h eee ee ey 10 a.m. et 
BT ies Big Rete REG oad tank Np aE AO OE ae 5 p.m. 30 
DOs hes Gr tidee Gp thi Rid aid a ake Rete ay eae Re a eR hs 10 a.m. Ot 
BO TPS Ra eM he ALE ee 5 p.m. 25 
DO chery Moree tld ice: ie anacd he ap. teen a ed et ee 10 a.m. 37, 
DONE ALE Sate i aeata ton \ hate Mal cents ieee toe Rene 5.0. an 
ORR AI eri RUMOR SPDR SSS SR SI 10.2.0; 21 
CHEAVED Wecr Vil LAP aigiae Monet St 08 dike an be Sale iatele diye tra 5 p.m. 30 
NW BTEC: (alee Ne Aa DUE DAT oN As BRS hn Pe” aie ie OE Re a 24 


The consistently low stabilities obtained indicate that the Miles acid effluent 
is potentially very putrescible. 


Setileable Solids 


Settleable solids tests were run daily from April 26 to May 2, inclusive, 
1921, on both crude sewage and Miles acid effluent. The samples were col- 
lected to represent the strong day sewage, and an interval of about four 
hours, corresponding to the retention period in the Miles acid tank, was 
allowed between collecting the crude and acid effluent samples so that results 
are directly comparable. Table 20 shows the results of these tests. 


TABLE. 20 
SETILEABLE->SOLIDS.. MILES ACID: PROCES. 


Settleable Solids 
C.C, per Liter 








Date, 1921 Crude Effluent 

ATMO aso lerasnns Pats es doa cya send anc ae eR OES aE B20 O 
Dee oes gee NW DNase a Be eats eas MTN Rec reica eRe ato rea 3.8 O 

PNT AN codes Migs baie Eloy SANE NS EAE oe ae eee 4.0 O 

BOR Min aia sinks ti inlets De sir ENERO ean tayo Secor 6.5 O 

CC sh Aig NG: Otte tne: ay eA a OAS Su Nay Mig las Wren ay, 4.0 O 

EY 0 Di BROS AM SOOT LOA Re Ces tek ee me ae ee 10.0 O 
US LAC eee eee eLider sas yatpubel cates toe ie Nea Meee 5.2 O 


Note.—In every case there was a very slight trace of settleable solids from the Miles acid 
effluent, but this was so small as to be immeasurable even with the Imhoff cones. The effluents 
were turbid in appearance. 

From the above table, it is seen that the acid treatment was effective in 


removing all the settleable solids. 


PROBABLE EFFEcT OF MiILEs Acip EFFLUENT WHEN DISCHARGED 
INTO A SMALL STREAM 


The first and almost instantaneous effect of the discharge of the Miles acid 
effluent, containing a necessary excess of SOx and its compounds, would be 
a marked depletion of the dissolved oxygen in the river water. This would 
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be roughly proportional to the amount of SOg compounds in the effluent, 
the stream flow and the condition of the river water available for dilution. 
While this might not be a serious matter where the effluent is discharged into 
a very large volume of water, at New Britain, where only a comparatively 
small dilution is available, it almost certainly would be productive of serious 
nuisance. 

After the acidity has been neutralized by the alkalinity of the river water, 
the iron would be precipitated, causing deposits eventually containing large 
numbers of characteristic iron organisms, fungi probably predominating. 
Upon dying and decaying these organisms would cause pronounced odor 
nuisance, often accompanied by sulphide formation. 

The germicidal action of the acid disappears upon neutralization. ‘The 
combination of this with the large amount cf organic matter contributed in 
the Miles acid effluent, and the depleted oxygen content of the stream present 
ideal conditions for considerable putrefaction. 

From the consideration of the analytical data obtained at New Britain, it 
would appear that the Miles acid process is more adapted to removing fatty 
acids from waste waters than to high purification of sewage from manufac- 
turing communities. In this respect, the acid treatment was even inferior to 
plain sedimentation. It is true that treatment with acid produced a somewhat 
greater removal of suspended matter than plain sedimentation, but it is quite 
likely that this was due to the solvent action of the acid upon organic 
colloids. With regard to the effect upon a small stream, the effluent from 
plain sedimentation would be much less likely to create offensive conditions 
than that from the Miles acid process. 


SLUDGE FROM Mires Acip PROocEss 
Character of Sludge 
~ As drawn from the tank to the drying beds, the Miles acid sludge was a 
thick, grayish, somewhat greasy looking liquid with a pronounced foul odor. 
This odor became stronger and more unpleasant during the first week the 
sludge remained on the beds. Upon drying, the sludge became much darker 
in color. Table 21 shows the analyses of several sludge samples. 


TABUE: 23 
ANALYSES OF MILES ACID SLUDGE 
Dry Basis Tests 
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From the table it is seen that the specific gravity is generally but slightly 
greater than that of water. The moisture content varied from 90.8% to 
09.3%. On the dry basis, the mineral matter varied from 18.2% to 33.4%, 
the volatile matter ranging from 66.6% to 81.8%, the proportion being about 
one mineral to three volatile. Total nitrogen, reported as N, varied from 
2.24% to 3.0%. This low nitrogen content is not very promising for its 
recovery as fertilizer unless the fats are first removed. The fats are high, 
varying from 18.8% to 24.8% on the plain ether extract and from 24.4% to 
37% on the acidified ether extract. Removal of all the fats from the sludge 
would increase the nitrogen concentration about 40%, but even then it would 
be low compared with ordinary fertilizers. 

It cannot be definitely stated whether the removal of fats would be profita- 
ble or not, as this depends upon the quality of the fats as well as the quantity. 
The indications are that the fats in the New Britain sewage are largely from 
lubricating oils used in the factories, although no analyses were made to 
definitely establish this. During the war, the demand for fats and grease was 
abnormally heavy, but for some time since the armistice the market has 
fallen off considerably, the low demand resulting in a low sales price. After 
careful consideration of these factors, it is felt that recovery possibilities in 
the Miles acid sludge are very doubtful and that such possible recoveries 
cannot be considered as a factor in favor of this process at New Britain. 


QUANTITY OF SLUDGE AND RECOVERY OF SUSPENDED SOLIDS IN 
THE SLUDGE 
The volume of sludge was carefully measured for all runs except the fifth 
and the amounts of wet and dry solids recovered computed. The suspended 
solids removed from the sewage by the acid treatment were also computed. 
Results of these computations are shown in Table 22. 


TABLE 22 


AMOUNT OF SLUDGE PRODUCED 
MILES ACID- PROCESS 
Per Million Gal, Basis 








aia a 


Lbs. Dry 
Sus- Lbs. 
pended Dry 
Gals. Gals. Selids” Solids 
Gals. of of Re- Re- 





Date of Run of Sludge Sludge moved covered 
No. of — Sewage Pro- Pro- from in 
Run Start End Treated duced duced Sewage Sludget 
17e ses May 24 July 10,1926. 700,000 . 301 430 609 —¥$ 
aes Pig July 28 Aug. 18, 1920 262,000 245 935 Tji30° (15360 
Rett Oe Aug. 25 Sept. 30, 1920 430,000 392 gil 666 605 
Ace seen Oct. 1 Nov. 14,1920 505,000 336 666 990 OTF 
See Jan! (8° Jan. o17,192t 119,800 ——-f =] 1,120 > 4-6 
Onin tek Mar. 24 May 2, 1921 465,000 206 443 416 II5 








Weighted Average Runs 2, 3, 4 and 6 


* Plain sedimentation. 

+ From sludge measurements and sludge analysis. 

t No sludge measurement. Not enough sludge produced to give an accurate measurement. 
§ No sludge analysis. 
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From the weighted averages, omitting Run 1, which was plain sedimenta- 
tion, and Run 5, in which sufficient sludge did not accumulate to provide an 
accurate measurement, 709 gallons, or 95 cubic feet of sludge, were produced 
per million gallons of sewage. A very striking feature shown in Table 22 is 
that while 767 pounds of suspended matter were theoretically removed from 
one million gallons of sewage, only 308 pounds were recovered in the sludge. 
In biologic processes such a loss could be readily accounted for by digestion, 
but in a chemical process, such as the Miles acid, it is very doubtful if 
digestion of sludge proceeds to any great extent. The most logical explana- 
tion that can be advanced for the discrepancy between the solids removed 
from the sewage and those recovered in the sludge is that only part of the 
solids were precipitated into the sludge, the remaining being dissolved by the 
action of the acid. Sulphuric acid is a well known solvent for organic mat- 
ter, and considering that the acid reacted with the sewage for a period of 
four hours, its great solvent action on the organic matter in the form of the 
volatile suspended solids, is not surprising. Based on the difference of 459 
pounds per million gallons between the suspended solids removed from the 
sewage and those recovered in the sludge, the acid dissolved 55 p.p.m., or 
about 40% of the suspended solids from the sewage. 

With regard to sewage purification, this solvent action on suspended and 
organic matter is very important, particularly in the Miles acid process, as 
judged by removal of suspended matter only. The suspended solids test may 
indicate a high degree of purification which would be very misleading be- 
cause considerable of the organic matter still remains in the effluent, but in 
the dissolved and invisible form instead of in the suspended and visible form 
as is usual in biologic processes. It must be remembered that the usual aim 
of sewage purification is to provide an effluent which, when mixed with river 
water, will not produce foul odors or deposition of putrescible matter in the 
river bed. If the amount of diluting water from the river is comparatively 
small, this requires a high removal of suspended solids accompanied by a high 
removal of organic matter, the latter being indicated by the tests for total 
organic nitrogen, oxygen consumed and biologic oxygen demand or relative 
stability. In biologic processes it is usual to find that high removal of sus- 
pended matter is accompanied by high removal of organic matter. In the 
Miles acid process, however, we have the anomaly of fairly high removal of 
suspended matter accompanied by very low removal of organic matter. At 
least for the New Britain sewage, if not in general, the Miles acid process 
cannot be considered as an efficient purification process because but little of 
the organic matter has been removed and the presence of large amounts of 
organic matter in the effluent, even though in the dissolved form, is almost 
certain to give rise to objectionable conditions in a stream affording a com- 
paratively small volume of water for dilution. 


Disposal of Sludge 


The accumulated sludge from Runs 2, 3 and 4 was discharged on the 
sludge drying beds, being applied to an average depth of 12 inches. In three 
weeks, the sludge was dewatered to a depth of about three inches. During 
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the first week, dewatering was mostly by drainage and during the second and 
third weeks the further concentration of the sludge was very slight. During 
the first week, markedly unpleasant odors were in evidence, but became less 
pronounced during the last two weeks. The sludge was spadable after a 
week on the beds. 

After drying on the beds, several methods are available for final disposal. 
If recovery values are to be sought, the sludge must be first rendered quite 
dry, either by long exposure on beds or by the use of heat. The next neces- 
sary step would be to degrease the sludge by the use of some volatile solvent, 
such as gasolene or naphtha. The solvent containing the fats in solution 
must be removed from the sludge, and the solvent distilled and recovered, 
leaving the fats as a residue. If the fats are of proper quality, they are 
now in marketable condition. 


After the traces of solvent have been removed from the degreased sludge, 
it is ready to be ground and sold for fertilizer. 

Another method of disposing of the sludge after drying on the beds 
would be to remove it and allow it to accumulate in piles. Considerable 
odor would be expected from this procedure. 

On account of high grease and organic matter content, it is quite possible 
that the sludge could be economicaliy burned provided the moisture con- 
tent were not too high. Tests made in the laboratory indicated that the 
sludge burned very readily. 


Considering the three possible methods of final disposal, after drying on 
sludge beds, it can be stated that none of these methods are thoroughly 
satisfactory. Attempts to obtain recovery values not being advisable, the 
sludge from the drying beds would have to be either stored in piles or 
burned. If stored in piles, the odor would be a decided source of nuisance, 
while the feasibility of burning the Miles acid sludge has never been demon- 
strated on a large enough scale to warrant its acceptance. 


SPECIAL EXPERIMENTS WITH MiILEs Acip EFFLUENT 


The Miles acid effluent at the New Britain experiment station was un- 
suitable for discharge into a stream affording low dilution on account of 
high iron content, high content of organic matter and acidity of the effluent. 
Experiments were made, first neutralizing the effluent and subsequently 
treating it with activated sludge to determine the amount of additional puri- 
fication these processes would provide. 

Experiments were conducted on the fill and draw basis in the tank orig- 
inally used for sludge reaeration. The tank was filled with the Miles acid 
effuent and slaked lime added to neutralize the acid and furnish an excess 
of alkalinity. Thorough mixing of the lime and sewage was accomplished 
by agitation with air. A two-liter sample of the limed sewage was taken, 
allowed to settle, and samples of the supernatant liquid secured for chemical 
examination. Activated sludge was then introduced and aerated in contact 
with the limed sewage in the sludge reaeration tank. 
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Results. Run 1A. April 12, 1021 


(Miles effluent 11 a.m. corresponding to crude sewage of 7 a.m.) 
Sewage treated—soo gallons. Sewage aerated one hour with 1,300 cubic 
feet air. Lime used 1.1 pounds in 500 gallons == 2,200 lbs. per M.G. Agi- 
tated with air for five minutes after liming. 

During aeration, before adding lime, samples were taken for chemical 
examination of the untreated eftluent, and after aeration for 30 minutes and 
60 minutes. Lime was then added and a sample secured of the limed (un- 
settled) sewage, 150 gallons of the limed sewage were removed from the 
tank and replaced with activated sludge and samples taken for different 
contact periods. The concentration of the sludge was 16% after % hour 
settling. 


Chemical results are shown in Table 23. 
hum 2A. April 13,1921 


(Miles effluent II a.m. corresponding to crude sewage of 7 a.m.) 

Sewage treated—soo gallons. Lime used—2% pounds. per 500 gallons 
= 5,000 lbs. per M.G. 

The limed sewage was agitated with air for 45° minutes. After seven 
minutes’ agitation the sewage was alkaline to methyl orange, but neutral 
to phenolphthalein. After 30 minutes’ agitation the sewage was alkaline to 
phenolphthalein. These reactions indicated that an appreciable amount of 
time and agitation are required before the full effects of liming can be 
realized. After liming, the sewage was allowed to settle for 1% hours. 
Iron formed the bulk of the precipitate and settled quite rapidly. There 
was, however, a noticeable amount of fine flocculi which settled very slowly 
-and were plainly visible after one-hour settling. On the whole, however, 
the effluent after 144 hours’ settling was practically clear and colorless. 

Some of the sewage was removed (150 gallons) and replaced by acti- 
vated sludge, which was quite thin. The concentration of sludge was only 
10%. Air was introduced and: samples taken for chemical examination 
for different contact periods. 

Results are shown in Table 23. 
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From the standpoint of clarification, the results are rather inconclusive, 
but the indications are that neutralizing the Miles acid effluent with lime 
is not certain to remove the greater part of the suspended matter. Treating 
the neutralized effluent with activated sludge will probably further clarify 
the sewage, although an increase in suspended solids was noted in the second 
run. : 

Neutralization with lime will remove most of the iron from the Miles 
acid effluent, rendering it satisfactory in this respect. 

Neither aeration nor neutralization with lime has any marked effect upon 
the removal of organic matter and the effluent is doubtless in a. highly 
putrefactive state. It was anticipated that treatment of the neutralized 
effluent with activated sludge would provide further removal of the organic 
matter. This was confirmed in both runs, although the organic nitrogen 
and oxygen consumed for the three-hour contact period in the second run 
are comparatively high. It is quite likely that treatment of the neutralized 
effluent with activated sludge will produce an effluent satisfactory in every 
way. 

In order to adapt the Miles acid process to the New Britain sewage, the 
efluent must be first neutralized and further purified by biologic action. 
The cost of the acid treatment in itself is exceedingly high. From our 
investigation, we concluded that adding the cost of lime treatment and 
biologic treatment to this already high cost will result without question in 
unwarranted construction and operation costs. There can be no doubt but 
that the Miles acid treatment is entirely unsuited as either a final or pre- 
liminary process for the New Britain sewage. 


CHAP TLR Will 
IMHOFF SPRINKCING FILTER PROCESS 


OPERATION OF PLANT 


The Imhoff sprinkling filter plant was operated from May 24, 1920, to 
June 13, 1921. Sampling, however, was discontinued after May 22, Ig2t. 
The flow to the Imhoff tank was practically constant, averaging 19,700 
g.p.d. and affording a retention period of 2.1 hours. From the Imhoff tank 
the effluent discharged into a constant head orifice box provided with a 
large overflow pipe. Here part of the effluent was diverted through the 
orifice to the dosing chamber and intermittently sprayed over the sprinkling 
filter. The remainder was discharged through the overflow pipe into 2 
launder leading to the main sewer. 








Fic. 11—Top of Imhoff .Tank 


The filter was operated at a rate of 1.95 mg.ad. (million gallons per 
acre per day), except for the period from October 2 to November 30, 1920, 
when the rate was 3.28 m.g.a.d. The siphon in*the dosing chamber was 
so adjusted that it gave a four-minute cycle, one-minute spraying, three- 
minute resting. The retention period in the secondary sedimentation tank 
was 66 minutes, except for the period from October 2 to November 30, 
1920, during which time it was 39.5 minutes. 

No mechanical trouble developed in operating the plant and there were 
no shut-downs except during short periods of very heavy storm when the 
sewage pump was idle on account of the power being shut off, or because 
of occasional air locking of the pump suction line. These occasions were 
rare, usually the power being off only from 5 to 15 minutes. The greatest 
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length of time the power was off during the entire year of operation was 
three hours. The siphon shown in the drawings proved very satisfactory 
in operation and required practically no attention. The pipe line leading 
to the sprinkling filter became somewhat obstructed on several occasions 
by heavy growths which affected the distribution from the nozzle. This 
condition was easily remedied by flushing the pipe with a hose, and it was 
only necessary to do this about half a dozen times during the whole period 
of operation. 

The original dosing chamber, as described in Chapter II, gave very poor 
distribution over the surface of the filter and at times pooling occurred 
upon the overdosed portions. For this reason the filter was not in opera- 
tion on July 20 and 21, and August 9, 10, 11 and 16, 1920. The filter was 
also rested on August 25, 26 and 27 for the purpose of installing the present 
dosing chamber and siphon. After the very heavy dosing from October 2 
to November 30, when the filtration rate was increased from 1.95 to 3.28 
m.g.a.d., pooling took place over the entire surface and the filter was not 














Fic. 12—Dosing Chamber 


7O STATE DEPARTMENT OF HEALTH 


operated on December 3, 4 and 5. From December 6 to 11, the filter was 
operated at the original rate of 1.95 m.g.a.d. Apparently, the resting period . 
was not sufficient to restore the filter, and it again became clogged. Opera- 
tion of the filter was suspended, and during this period there occurred a sud- 
den spell of intensely cold weather with heavy snow storms, resulting in 
the filter freezing up, even the underdrains. A spell of mild weather inter- 
vening, it thawed out naturally on January 2. On account of the freezing, 
the filter was out of commission a much longer period than thought neces- 
sary for restoration. 

On January 2 the filter was again put into operation and continued unin- 
terrupted, with the exception of resting periods on February 16 and 17, and 
March 12 and 13, until June 13. These resting periods were arbitrarily 
adopted as probably improving the operation of the filter and not because of 
clogging or pooling. 

Tests were made of the distribution of sewage over the filter by both 
the original and final dosing chambers, and Table 24 shows the results of 
these tests and clearly indicates the improvement in distribution effected 
by the new dosing chamber and siphon. 


TABLE 24 


RESULTS OF TESTS OF DISTRIBUTION OF SEWAGE OVER 


SPRINKLING FILTER 
Dosage Rate 
Mil. Gals. per Acre per Da 








Area Tested 





— Old Dosing New Dosing 
Inner RadiusOuter Radius Area JY of Total Chamber andChamber and 





Ft. Ft. Oq. Ft. Area Siphon* Siphont 

O I ora 258 72 .60 

I 2 9.41 8.3 avi] 75 

2 3 15.70 13.9 O24 1.81 

3 4 22.00 19.4 3:72 2.18 

4 5 28.50 25.1 a35 2.54 

5 6 34.50 30.5 .O 1.57 
1.95 


Weighted Averages + nie So eke Ye oak, ol 1.95 


* Tests made Aug. 17, 1920. 

{ Tests made Aug. 30, 1920. 

Detailed operation rates are shown in Table 25 which also shows the 
analytical results. 


DIscussION OF RESULTS 
Analytical Determinations 


The effluents from the Imhoff tank, sprinkling filter and secondary sedi- 
mentation tank were composited similarly to crude sewage. The same 
routine tests were made both at the laboratory and at the experiment sta- 
tion as for the crude sewage, with the addition of the routine stability 
tests with methylene blue on the effluents of the sprinkling filter and sec- 
ondary tank. Table 25 shows operating rates and chemical and bacterio- 
logical averages compiled from the daily records. 
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PURIFICATION EFFECTED 

Based on the averages in the preceding table, Table 26 shows the pro- 
gressive percentage removals on certain sewage constituents and also the 
changes in others compared with the crude sewage. 

In general, the results obtained were those typical of an Imhoff sprinkling 
filter plant operating under favorable conditions and producing a highly 
purified effluent. The Imhoff tank was effective in removing a fairly large 
amount of the sewage solids and a noticeable amount of organic matter. 
Additional marked purification was provided by the sprinkling filter, and 
the secondary tank was effective in removing the suspended matter from 
the filter effluent, particularly during the period of unloading. 


Organic Nitrogen 


The Imhoff tank showed a satisfactory and fairly constant decrease in 
organic nitrogen throughout the year. In the summer and fall of 1920 
there was a very marked additional removal of organic nitrogen by the 
sprinkling filter, but during the winter this removal was not so great; and 
in the spring: when the filter was unloading, the additional removal was 
very small. This small removal was undoubtedly due to the increase of 
suspended matter unloaded by the filter, as shown ‘by the tests on the effluent 
of the secondary sedimentation tank. At times of high suspended matter 
from the filter, there was a marked decrease in organic nitrogen between 
the effluents from the filter and secondary tank. At times of low sus- 
pended matter in the filter effluent, this difference was not so marked. 


Free Ammonia 


There was a slight increase in free ammonia upon passing through the 
Imhoff tank. This increase was somewhat more noticeable in warm weather 
than in cold. During warm weather, accompanying active nitrification, 
there was a very marked decrease in free ammonia upon passing through 
the filter. At times of cold weather the ammonia reduction was quite small. 
With one or two exceptions, there was practically no change in free am- 
monia upon passing through the secondary sedimentation tank. 


Nitrites and Nitrates 


Nitrates were always present in the crude sewage but were slightly reduced 
in the Imhoff tank. In the filter the first marked evidence of nitrification 
appeared about ten days after it was put into operation, a very marked in- 
crease in the nitrites being noticed, while the nitrates remained about the 
same as in the Imhoff tank effluent. This condition persisted for about one 
week, after which time the nitrates rapidly increased and continued while the 
nitrites gradually decreased. The continued increase in the nitrates showed 
the filter to be in a ripening condition. On increasing the rate of filtration 
from 1.95 m.g.aid. to 3.28 mig.a.d.,-there was. a ‘very: sharp drop” in ‘the 
nitrates, although they still continued to be noticeably greater than in the 
Imhoff tank effluent. Possibly the seasonal variation had some influence 
upon this reduced nitrification but it is more likely that the dosage rate was 
the main cause of the reduction. 
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Upon resuming the original rate of 1.95 m.g.ad., there was an increase 
in nitrates in the filter effluent in the short period of operation in December, 
even though the filter was rather severely clogged at this time. When the 
filter had thawed out and was again operated at the original rate practically 
no nitrification was shown until the early part of March. Possibly the freez- 
ing of the filter destroyed the activity of the nitrifying organisms, though in 
a sprinkling filter high nitrification generally is not expected during the 
winter season. 





Fic. 13—Underdrains of Sprinkling Filter 


Starting in the early part of April, high nitrates were again observed, 
but there was a less marked increase during the latter part of the month, 
due, no doubt, to the unloading of the filter. Again in the early part of May 
nitrates were very high and were still increasing in amount when sampling 
was finally discontinued on May 22, 1921. 


Oxygen Consumed 


Throughout the year there was a fairly large and constant reduction in 
the oxygen consumed figure by the Imhoff tank. A large and fairly regular 
additional reduction was accomplished by the sprinkling filter, with the 
exception of the period of unloading during which time the reduction was 
not quite so great. While the sprinkling filter was unloading the secondary 
sedimentation tank showed a marked increase in reduction over the filter 
effluent due to the settling out of the suspended matter. Otherwise the 
oxygen consumed figure in the settling tank was practically the same as 
that of the filter effluent. 


Total and Volatile Suspended Sohds 


The reduction of suspended solids by the Imhoff tank was fairly uniform 
throughout the year. In the filter, except during times of unloading, when 
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the suspended matter was high, there was a further reduction of suspended 
solids. The secondary tank showed still additional reduction in varying 
degree, being particularly pronounced when the suspended matter in the filter 
effluent was comparatively high. 

Reduction in volatile suspended solids followed very closely that of the 
total suspended matter. 


Chlorine 


This constituent is practically unchanged by biologic sewage treatment. 


Alkalinity 


An increase in alkalinity generally takes place in Imhoff tanks and this 
was found to be the case at New Britain. At times of high nitrification the 








Fic. 14—Sprinkling Filter During Construction 


alkalinity was much reduced in the filter. There was practically no change 
in alkalinity of the filter effluent upon passing through the secondary tank. 


Iron 


There was a consistent but comparatively small removal of iron by the 
Imhoff tank. The sprinkling filter showed considerable additional removal 
except during the first two weeks of unloading during which time the filter 
effluent contained considerably more iron than the influent. The iron in the 
secondary tank effluent was usually slightly less than in that of the sprinkling 
filter. 

There is a possibility that the deposits clinging to the surfaces of the 
stones in the sprinkling filter may not be entirely removed during unloading, 
and accumulating accretions might ultimately clog the filter. The period for 
which the filter was operated was not sufficiently long to furnish conclusive 
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data on this point. The weighted averages of the iron in the influent and 
effuent of the sprinkling filter were computed and found to be 7.34 p.p.m., 
and 6.13 p.p.m., respectively ; 83% being recovered in the effluent, the bal- 
ance of 17% remaining in the filter. In view of these considerations, all iron 
wastes should be eliminated from the New Britain sanitary sewers if the 
Imhoff sprinkling filter method is to be adopted. 


Dissolved Oxygen 


The Imhoff tank effluent showed a small decrease in dissolved oxygen. 








Fic. 15—Top of Sprinkling Filter 


Passage through the sprinkling filter had the effect of greatly increasing 
the dissolved oxygen, but in the secondary sedimentation tank it was prac- 
tically unchanged. 


Relative Stability 


No tests for stability were made on either crude sewage or Imhoff tank 
effluent but undoubtedly the biologic oxygen demand in each was very high 
and the relative stability consequently very low. The stabilities of the 
effluents from the sprinkling filter and secondary tank were practically 
identical and the seasonal variations were quite marked. Although relatively 
high, the stability was noticeably reduced in the filter effluent by the increased 
filtration rate during October and November. In the periods averaged, the 
stabilities were quite high and were satisfactory even during the winter 
months. 


Total Bacteria and Acid Colony Counts 


Progressive reductions were noted in the Imhoff tank, sprinkling filter 
and secondary tank, the total reduction being usually quite high when com- 
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pared with the crude sewage. The bacterial content of the various effluents 
as well:as the crude sewage, were noticeably affected by the seasons, being 
much higher in warm weather than in cold. 


Settleable Solids 


Settleable solids were determined cn the crude sewage, and effluents from 
the Imhoff tank, sprinkling filter and secondary tank, the results being shown 
in, Tablere7. 


TABLE 27 


SETTLEABLE SOLIDS 
IMHOFF SPRINKLING FILTER PROCESS 


Settleable Solids, C.C. per Liter 


—— — 








—~ 


Secondary 
Imhoff | Filter Tank 
Date, 1921 Crude Effluent Effluent Effluent. 
Poin DO hu, Mee hs) cre eikes See 500 503 3.0 2/0 
PA PRIA, Weeh i Ate a nap aoe 3.8 .O4 2 126 
BSc Mest ery Mer ar AS ys 4.0 .04 22 L-.6 
BONA ieh Win sea Ne ee te 6.5 .O4 2.0 1.4 
BORE RRRAa rbap cies Mans eke 4.0 03 ieee: 1.0 
1 Le lade Rabe har ap elcom is ed 10.0 03 1.5 ix2 
eee RR cane 5 et ae 7S. 03 De? 1.0 
AGN 3 oe nan trict Aes ees see 9.0 103 rs Ae} 
Beate toate, one Reni 3.0 .02 03 02 
Ustad hal Speen See TBO .O4 1.5 is 
One ae Oe ane ete 14.0 .02 Lo EA, 
EOIN Ape vophe Marte sel ore ate 10),0 03 es L206 
Sap Wagar a eo te, Aen 1270 02 EKO) 8 
Je Ae es Se til roar Pena 9.0 508 1.5 ro 
PV TAGE Nee athe os Ph whe % 78 103 i 6" rey 
CARGO Cee ng Aas ceeds ecnal: —— 99 .6 79. 84. 


* Increase in suspended solids over Imhoff effluent due to unloading of filter. 

+ Small removal of suspended solids by secondary tank due to vigorous septic action of un- 
loaded suspended matter from the filter preventing quiescent conditions in the secondary tank. 

Only very slight traces of settleable solids were found in the Imhoff tank 
effluent. The practically complete removal of settleable solids indicated that 
the Imhoff tank was functioning properly. On account of unloading, the 
filter effluent contained a greater amount of settleable solids than the Imhoff 
tank effluent. The secondary tank removed but 25% of the settleable solids 
from the filter effluent. This poor removal is attributed to the vigorous septic 
action which developed in the secondary tank shortly after the filter started 
to unload. A secondary tank of the Imhoff type, rather than the septic 
or plain settling type, would probably have completely removed the settle- 
able solids unloaded by the filter. 


FOAMING IN IMHOFF TANK 
In some installations Imhoff tanks have caused considerable trouble be- 
cause of prolonged periods of violent “boiling” or foaming. During these 
periods a large amount of gas is liberated by the sludge and very often the 
sludge overflows the gas vents and rises through the slot at the bottom of 
the flow chamber. The liberated gases usually have a very offensive odor. 
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During boiling the efficiency of the Imhoff tank is seriously impaired as the 
sludge does not eoncentrate properiy in the sludge chamber and an excessive 
amount of thin sludge is developed instead of a small quantity of concen- 
trated sludge, usually causing difficulty in handling the sludge for drying 
on beds. When the sludge boils up through the slot in the flow chamber, 
the tank is rendered further ineffective because the boiling prevents proper 
settling of suspended matter, and the Imhoff tank effluent may be even more 
offensive than the crude sewage. 

In many plants, boiling has occurred several months after the tank has 
been in operation. The boiling period is usually short and does not occur 
again even after many years’ operation of the plant. Such boiling is attrib- 
cuted to the ripening of the sludge in which the organisms most active in sludge 
digestion first gain predominance over the other organisms in the sludge. 
After this predominance is established, no further boiling takes place. 

Some sewages, however, are of such a nature that these organisms do 
not always predominate, but for long periods remain in equilibrium with 
the other organisms in the sludge. It is during these periods of equilibrium 
that prolonged boiling takes place in some Imhoff tanks. 

On August 17, 1920, after about three months’ operation, boiling took 
place in the Imhoff tank at the New Britain Experiment Station. A very 
large amount of gas was liberated by the sludge and the liquid in the gas 
vents had the appearance of true and violent boiling. Considerable sludge 
was carried to the surface of the gas vents, raising the water level in the 
vents about six inches. Gas and sludge rose through the slot in the flow 
chamber and this liquid also became black in color and had the appearance 
of true boiling. The entire phenomenon lasted only thirty seconds, after 
which the boiling subsided and normal conditions rapidly became reestab- 
lished. This was the only time that boiling occurred in the New Britain 
Imhoff tank. 

From the steadily progressive digestion of sludge shown in Table 29, it 
may be safely inferred that the active sludge digestive organisms had estab- 
lished permanent predominance after the boiling phenomenon. In a large in- 
stallation, therefore, periods of prolonged and excessive boiling would not be 
anticipated. | 


OBSERVATION OF PHYSICAL AND BIOLOGICAL CHANGES IN THE 
SPRINKLING FILTER 


Usually the surface of the filter was the color characteristic of iron rust. 
At times this was superimposed by a green algal growth. In or after con- 
tinued periods of low iron in the crude sewage, the color of the surface 
resembled the gray, characteristic of sprinkling filters receiving domestic 
sewage only. The small gray flies typical of sprinkling filters were first 
observed about the middle of April, 1921, just about the time that unloading 
began. Small worms in the effluent were visible to the naked eye at the 
same time. 

Microscopic examinations were made of the material deposited in the. 
filter on August 4, 1920, April 28, May 12, May 26 and June 13, 1921. These 
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examinations indicated that there was a cycle of growth of organisms in the 
filter, first the smaller forms predominating, then the larger, and that prob- 
ably the entire cycle was repeated several times in a year. 

The examination on August 4, 1920, showed that the deposits on the stones 
contained only the smaller forms of organisms, the following being in the 
order of their numerical prominence; Crenothrix, Bacillariaceae, Navicula, 
Nematodes. Some amorphous ferric oxide was also noted. 

The examination of the washings from filter stones on April 28, 1921, 
showed many lively thread or round worms, and abundant Colpidium. 
Ameeba were plentiful, many forms being noticed. There were also pres- 
ent occasional alge and diatoms. Fibrous amorphous matter and muci- 
laginous patches were also noted in the filter effluent. On the same day 
lively thread worms predominated. Occasional Oligocheta, a segmented 
worm with spines, were noticed as also were some Rotifera Vulgaris and a 
few Cyclops. Some fibrous amorphous matter was also present. 

On May 12, 1921, after the filter had practically finished unloading and 
the nitrates in the effluent were very high, only occasional thread worms, and 
these not very active, were noticed. The Rotifera occurred in bunches and 
there were also occasional Amceba. Later in the month, on May 26, only 
Rotifera were noticed. 

On June 13 an examination was made of the stones and deposits in the 
filter which was then being dismantled. There were numerous white larve 
visible to the naked eye which developed into small gray flies when kept 
in a moist jar. Oligocheta, this time numerous and of very large size, 
were noticed. Occasional thread worms, of large size, were observed. This 
examination showed the worms to be larger than at any previous examination 
and the smaller forms of life had entirely disappeared. 

From the examinations it appears that in the summer and fall the smaller 
forms of life predominate. No examinations were made in the winter, but 
in the spring the thread worms were the predominating organisms accom- 
panied by some smaller forms. Later the worms became less numerous 
and active, finally disappearing, apparently giving place to the smaller forms 
again. This was just after the filter had finished unloading in the spring. 
At the time of dismantling the filter all small forms had disappeared and 
the worms present were of extremely large size. White larve were also 
abundant. There seems to be an apparent oscillation between the larger 
and smaller forms of life in the filter. 


AMOUNT, CHARACTER AND DisposaAL OF IMHOFF TANK SLUDGE 


The depth of sludge in the Imhoff tank was measured from time to 
time and the volume computed. Samples were secured and analyzed. From 
the analyses and volume, the dry solids deposited per million gallons of 
sewage treated were computed and compared with the amount of solids 
removed from the sewage, as determined by the suspended solids tests on the 
Imhoff tank influent and effluent. Table 28 shows the analyses of the Imhoff 
tank sludge; Table 29, the volume and amount of solids in the sludge and 
the percentage digestion in the sludge chamber. 
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TABLE 28 
ANALYSES OF IMHOFF TANK SLUDGE 
Dry Basis Tests 

















Date Mois- Mineral Volatile Nitro- Ether Extract % 

1920 ture Matter Matter gen — 

1921 Spat, % 7 ps 0 Plain Acidified 
Dept. 20.2... . 1.05 84.8 49.6 50.4 1.68 1O<2 22.0 
Cet rae PI TOs 90.5 47.8 52.2 2.10 17-0 25.8 
Novia SA 1.03 92.6 51.5 48.5 2.48 E2h2 17.8 
ham 20ce an 1.04 g1.5 48.8 51.2 222 11.6 16.8 
NE) Cans Gaerne 1.05 90.1 48.1 51.9 a Sates —_—— 
IMESte 22 nc 1.08 85.8 48.2 51.8 2.40 m7 14.9 
May Fen oli. 1.02 7 43.8 56.2 2; Oi —— 
Hume Sies 534 1.02 89.0 ae BO, —— LO. b* 














.Average... 1.05 90.0 48.3 51.7 Bai; Wine 19.5 





* Not included in average. 


TABLE 29 
VOLUME OF SLUDGE PRODUCED IN IMHOFF TANK 
Per Million Gallon Basis 


Dry 
Solids 
Dry Re- 
Solids moved 
Date Sewage Volume of SludgeVolume of Sludge in from Per- 
1920 Treated — — Sludge Sewage centage 
Ig2I Gals. “Cu: Ft. Gals, CuvFt, Gals...” bsi") Los) Digestion 
_ May 24 O oO O oO O O © O 
Aug. 20 1,662,200 119 890 71.5 535 AZO" 4. 525 10.5 
Oct... 0b. 24279.200 -  VSa: 1,280 75.6 566 484 566 14.5 
Mar. 23 5,877,200 245 1,835 41.6 312 398 554 28.2 
May 7 6,787,200: 282 2,110 41.5 al BART. S06 33.6 
June 8 7,422,200 340 2,540 45.9 343 322 503 36.0 
* Moisture assumed at 90%, specific gravity at 1.05. 


+ From suspended solids tests, influent and effluent of Imhoff tank. 
t Moisture assumed at 86.4%, the mean of tests of March 23 and June 8. 
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It will be noticed from Table 29 that there was but little digestion of 
sludge during the first four months of operation. After this period the re- 
covered solids were noticeably less than those computed from the removal 
of suspended solids by the Imhoff tank, indicating that proper digestion of 
the sludge was taking place in the sludge chamber. This was confirmed by 
the production of a black heavy scum in the scum chambers accompanied by 
small but constant bubbles of gas breaking through the surface. The total 
yearly difference between the weight of dry solids recovered in the sludge 
and that removed by the Imhoff tank amounted to 36% of the latter, which 
loss is attributed to digestion. 

Considering the data in Table 29, the most desirable storage period for 
the sludge in a full-size installation would be about nine months, this being 
the shortest period in which proper digestion may be expected. 


84 STATE DEPARTMENT OF HEALTH 


On March 23, 1921, some of the sludge was removed from the Imhoff 
tank to the sludge drying beds, being deposited on the beds to an average 
depth of eight inches. As discharged, the sludge was a thick, black liquid 
having a tarry and slightly offensive odor. A composite sample was taken 
while discharging, and was carefully analyzed in duplicate. On account 
of the known iron content of the New Britain sewage it was expected that 
there would be an appreciable amount of ferrous sulphide present in the 
sludge. An estimation was made by liberating the hydrogen sulphide, oxidiz- 
ing, precipitating as barium sulphate, and weighing. This gave the content 
of sulphide as 0.34% calculated as sulphide of iron (ferrous sulphide, FeS). 

The moisture content was about that of typical Imhoff sludges and 
amounted to 85.77%. This sludge was amenable to drying on sludge beds, 
the water draining away and the surface of the sludge showing large cracks 
after a few days’ drying. Samples were taken at various periods during 
the drying on the beds and the moisture determined. The sludge lost mois- 
ture fairly well, although the weather was not particularly good for drying, 
there being several extremely wet days which retarded the loss of moisture. 


TABLE 30 


DRYING OF IMHOFF TANK SLUDGE ON SLUDGE BEDS 
Mots- 
Days Mois- ture 


Date on ture: “oss? 
1921 Bed % J Remarks: 





Mar.-23) O° 85:77 o Sludge as drawn from tank. Black. Tarry and 
somewhat offensive odor. 

Mar26> °3 ~ 75,05 .4726 Thick and black 

Nar. 27 4 “7500 Ao.@ 

Mar. 28° ~5' "75°33 4070 Black and tarry. 

Mage ant re S97 ASO SES 

Apr. 2 10 75.25 49.6 Stifl, black. Rubbery consistency. Tarry odor. 
Apr. 5 13 69.50 62.4 Stiff, black and rubbery. Somewhat putrescent 


odor. 
Stiff, dark brown, rubbery. Foul odor. 
Brown, more crumbly but still moist. Some- 
what earthy looking. Slight putrescent odor. 
Apr. 21 29 54.00 81.6 Lumpy, dark brown. Like lumps of moist 
earth. Slight tarry odor. Friable, resembling 
soil. 


Apr" 7 > 15 "65.00'" 66. 
ADT. 13. 2T 63200 7a: 


‘oO N 


* By weight of original moisture. 
Note.—The loss of moisture was considerably retarded on account of rain. During the 


period of drying rain fell on 11 of the 29 days. 

The sludge when dried in the laboratory was dark brown in color, almost 
black, and powdered fairly easily. The odor was not unpleasant, being, in 
fact, of a rather sweetish fatty nature. In this powdered dry state the 
sludge repels water and floats dry on the surface, and it is almost impos 
sible to make it take up any water. This is on account of the fatty matter 
contained and would mitigate against its use as a fertilizer in this con- 
dition. On ignition it burned readily and this suggests a possible way of 
disposal though its fuel value is doubtful on account of the quantity of 
its ash. This was reddish brown and free from odor. The reddish brown 
color is due to the high iron content. 
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An estimation was made of the fat content and is reported as “plain 
ether extract” and “acid ether extract.” The former represents the un- 
saponified fatty matter and the latter the unsaponified and saponified. The 
difference gives an idea of the fatty matter which existed in the form of 
soaps. The grease obtained from the ether extract was dark brown in 
color somewhat resembling that of lubricating oils and was a thick liquid, 
not a solid grease. Table 31 shows the full chemical analyses of this 
sludge. 


TABLE 31 
ANALYSIS OF IMHOFF TANK SLUDGE 
Wet Basis Tests 


ee ea Ci anlimen rear ten oe awd a uct oid ilan vat LSet Atadshern ous cee ood 1.07 
J SLICES SUIEEE AS gi AP PN ate ec le LD ee. eM ae Ce 85.77 
IIE SOT SN pets (eis Re NR A ea tre ROA TE ey Ea 14.23 
Dry Basis Tests 

By Meir gen ay bee trae punt st sibs sucatiy Nt Sf ges ue te See Omg a Miter da on Oey cts & 48.16 
COREE Ty CBU eee C/a ie raat Oe a aR ee DR tn aa ee 51.84 
MOicans INGERO Me Hite rere ee Bean ae eben ore) eran Mn MOU EI on, GF 2.4 

Plage: tier Meuebaw one cnn Mee ane wie eee meme arte MIST Aas 13.66 
MGC I eMeT UMC ACi ey ree mite ws old) Sacre mea MRLs CRI 14.86 
Promnas Pea. Osc pec eere hes zie eg eaten ise, ba fannie et RD MIN lise Uiise's 11.18 
mviheimanerer ais Ale Onn irae Ih leat Nae siti. |. Ss heMen eaten tn em ab Cn Fo, 1.43 
PnOspuorus ack leu ere Mere weit satay, a edema OCS! 1.62 
Caleniinlasi Ga, Orne pie irate aie A Wea Ens sei thy mE MRR, ul Ua 1.65 
LEE OP Ae Ee SRL ovis Seba Usk e Oe sh Ee Ce eS emetnee OR 8) 2 Trace 
NAT orto SArtidly yok bat MR” -o U ge Sah cua, ae en Eel Na UI 0 Trace 
Comme hecis SOU RO rr ins ge nme re Nh acme ea atin Meet Bot 0.55 
Insoluble in HCl, mileronsMiatver Girt ete. o/c bi dds ceed Sy Os 33.0 


— Note.—Analysis made on composite sample of sludge drawn from Imhoff tank to drying bed 
March 23, 1921. 


Regarding possible treatment of sludge to recover valuable constituents, 
the analyses indicate that while fertilizer ingredients are present, they are 
in such small quantities that their use for this purpose is very doubtful. 
There is a high concentration of fatty matter but this is of obviously poor 
quality and would not justify an attempt to recover it. 

Sludge was again drawn off June 8, 1921, to a depth of 12 inches on 
the drying beds. No moisture tests were made but the sludge dried very 
rapidly in the warm weather, becoming readily spadeable and was removed 
two days after applying to the beds. 

In general the Imhoff tank sludge was very readily amenable to drying 
on the sludge beds. It is not advisable to attempt treatment for recovery 
values in the sludge because of low nitrogen concentration, poor quality of 
extracted fat, the presence of ferrous sulphide which would oxidize on the 
ground in presence of air and water, forming ultimately small amounts of 
sulphuric acid which might be harmful to the soil. The appreciable amounts 
of copper and zinc salts found might have a germicidal effect and prevent 
the bacterial assimilation of the fertilizer material. 

Considerable scum developed at the surface of the gas vents of the Imhoff 
tank but was prevented from accumulating in large quantity by breaking it 
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up once and sometimes twice a day. Table 32 shows the analyses of several 
samples of scum. 


TABLE 32 
ANALYSES OF IMHOFF TANK SCUM 
Dry Basis Tests 








~ 


Mineral Volatile Nitro- Ether Extract % 











Date Moisture Matter Matter gen Pe 

1921 Sp. Gr. % % 0 Ci Plain Acidified 
18. 20 cos L032 89.2 18.4 81.6 21.0 38.6 
Febs 12505 1.03 87.4 18.1 81.9 co ch eae 51.8 
June 82,450. .995 78.5 — —- —— a 

















Average... 1.02 85.0 18.3 ro a 1.8 26.0 45.2 


The analyses shows the scum to be noticeably different from the sludge, 
having a lower moisture content, due probably to air drying on the surface. 
The proportion of volatile to mineral matter is noticeably greater for the 
scum and the ether extract is also greater in the scum. A large part of the 
scum is apparently undigested organic matter containing a relatively high 
percentage of fat. 


AMOUNT, CHARACTER AND DISPOSAL OF SECONDARY TANK 
SLUDGE 


The sludge was usually not retained in the secondary tank long enough 
to permit of any considerable digestion, although at times septic action was 
very vigorous. Measurements were made of the amount of sludge accumu- 
lated during two test periods and analyses also made on representative 
samples. These analyses are shown in Table 33, and volume and solids in 
the sludge in Table 34. 












































TABLE +33 
ANALYSES OF SLUDGE FROM SECONDARY SEDIMENTATION 
TANK 
Dry Basis Tests 

Date Mineral Volatile Nitro- Ether Extract % 

1920 Moisture Matter Matter gen — 

1921 Sp. Gr. % Yip Op % Plain Acidifie 
Set. 2S nee 1.04 03..3 58.0 42.0 2.16 11.6 28.6 
Apron. OL OL 715256 47.4 2.52 i252 sgn 
ADEN GP Nee 1202 95.5 —— 
OTL Shi 1.04 92-7 44.0 56.0 2.96 ... —— 

Average... 1,03 93.8 51.5 48.5 2.88 120 22.8 


* Special sample of most concentrated sludge. 
+t Composite sample representing average sludge. 
} Omitted from average. 
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TABLE 34 


AMOUNT OF SLUDGE PRODUCED IN SECONDARY 
SEDIMENTATION TANK 


Per Million Gallon Basis 


— 





Dry 
Solids 
Dry Re- 
Solids moved 
Sewage Vol. of Sludge Vol. of Sludge in from 
Treated ———~——- ~ — — Sludge Sewage 
Period 1920 Gals, Cu. bty- Gels.) Cunt t= Gals: Lis, “2 Ds: 
Jane 15"to: July.21.. 180,000». 16.1 * 120 8OE8 1667 BAST A 2232 
AVE. Ti tO. Depts 44.0927 ;000.-412'.8 O51 SPO OO. 747 438 472 














Weighted Average ———-  —— —- 94.17.7060 383 280) 


* Moisture assumed at 94%. 








Fic. 16—Secondary Tank Sludge Drying on Portion of Sludge Beds. The 
sludge was applied to a depth of 15 inches, drying to a thickness of 4 inches. 
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Except for a higher moisture content, the analyses indicate that the sludge 
was very similar to that from the Imhoff tank. It was, however, highly 
putrescible, giving off a very strong odor. Shortly after the sprinkling 
filter started to unload there was a rapid increase of sludge in the secondary 
tank and gasification proceeded so rapidly that a scum about six inches thick 
was quickly developed on the surface of the tank. This scum had a very 
foul odor. The following table shows the analyses of the scum. 


TABLE 35 
ANALYSIS OF SCUM FROM SECONDARY SEDIMENTATION TANK 


Dry Basis Tests 


= 





Mineral Volatile 
Moisture Matter Matter 
Date, 1921 Sp, Gr: % ye To 
PPT 22 vakonwet arhwek Te Cea eee 1.04 92°.7 44.0 56.0 


On April 6 some of the sludge was drawn off to a portion of the sludge 
drying beds to a depth of about 15 inches. The sludge was very foul. On 
May 4 or about one month later, the sludge had dried to a depth of four 
inches, the surface being covered with large cracks. During the drying 
period the moisture content was reduced from 95.5% to 68.9%. 

An alternative method of disposal of secondary tank sludge would be to 
return it to the sludge compartment of the Imhoff tank and allow it to 
digest with the Imhoff sludge. 
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ACTIVATED SLUDGE PROCESS 
OPERATION OF PLANT 


The mechanical apparatus of the activated sludge plant operated satis- 
factorily throughout the experiments. The only shut-down, for repairs, 
occurred after more than a year’s operation, lasting only four hours, and 
was due to a hot bearing on the motor for the air blower, caused by the 
use of a poor quality of lubricating oil. Clogging of the air lift by an 
accumulation of coffee grounds occurred occasionally but this was quickly 
remedied without shutting down the plant. Filtros plates in the aeration 
tank were replaced when poor distribution of the air was obsefved. This 
did not necessitate suspending operation of the plant. Accurate control of 
the various operating factors was easily maintained with.the exception of 
the amount of sludge returned by the air lift. It was originally intended 
to return an amount of sludge equal to 33% of the sewage treated. The 
minimum discharge of the air lift, however, was ordinarily from five to 
ten per cent. greater than this amount. 

Air distribution was good with the exception of the last six weeks of 
operation, when several of the filtros plates were discharging noticeably 
large air bubbles: No attempt was made to correct this condition, because 
of the great amount of special work being done at this time. 

For the first six months of operation the pressure in the air main gradually 
-rose from 5 pounds to 7%4 pounds per square inch, the hydrostatic pressure 
on the filtros plates being 4.8 pounds. During the next two months the 
pressure in the main gradually increased to 15 pounds per square inch and 
when the plant was finally shut down on June 6, 1921, it stood at 18 pounds. 
Examination of the filtros plates from time to time showed a very heavy 
coating of iron oxide on the under surface. On breaking some of the plates 
it was seen that considerable penetration had taken place, the plates being 
usually heavily discolored to a depth of about a quarter of an inch above the 
under surface, the color then becoming diffused. The upper surfaces of 
several plates also showed a thin coating of iron oxide probably due to 
contact with the sewage. No signs of disintegration of the plates were 
discovered and considerable difficulty was experienced in breaking the plates 
for examination. 
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Fic. 17—Top of Aeration Tank Showing Air Main and Overhead Air 
Lines to Filtros Plates 


The coatings and penetrations of iron oxide on the under surfaces were 
due to rust formation from the cast iron plate holders, which were not 
painted on the inside, and from the ungalvanized portion of the pipe threads. 
The galvanized iron pipes only showed corrosion and rust formation where 
the zinc had been removed from the pipes by threading. The inner sur- 
faces of the cast iron plate holders were markedly corroded. A coating 
of asphalt paint would undoubtedly have retarded rust formation and pro- 
tected the plate holders. 

The important operating factors to be determined in a plant of this char- 
acter are aeration period, settling period, volume of air, concentration of 
sludge in the aeration tank and reaeration period for the sludge. A number 
of runs were made to determine the most effective economical operating 
rates by varying one factor for different runs and keeping the others prac- 
tically constant. Although surprisingly good results were obtained from 
the very start, it was not until June 14, 1920, that the sludge in the aeration 
tank reached a concentration of about 15%, as shown in a liter graduate 
after 30 minutes’ settling. Accordingly Run 1 was arbitrarily taken to 
begin on June 14, 1920, the results from the previous tests being discarded 
as not being representative on account of the slow building up and acti- 
vating of the sludge during this period. 

The following table shows the different series of runs in which all oper- 
ating rates were maintained practically constant except the noted variable 
and, in some cases, the retention period. 


INDUSTRIAL WASTES REPORT Ol 


TABLE 36 


RUNS SELECTED TO STUDY EFFECTS OF VARIATION OF OPER- 
ATING RATES. ACTIVATED SLUDGE PROCESS 


Variable Operating Rate 


a 





Concen- 
tration 
of Sludge 
Volume of Aeration Settling in Aeration Sludge Seasonal 
Air Period Period Tank Reaeration Variation 
I 8 8 3 3 3 
2 9 9 6 4 6 
3 12 12 9 6 9 
4 13 13 10 9 — 
5 16 16 12 10 aan 
6 = = 13 12 = 
C ae ee 15 13 < 
Li — oe 16 14 Be 
12 — — 17 15 — 
fs — — a 16 — 
16 = sas = 17 oa 


In dewatering and drying the sludge, it was not thought advisable to 
duplicate the work on filter pressing done elsewhere. Attempts were made, 
however, to dry the sludge on sludge drying beds, but this method was not 
successful. A process, recently developed by the Dorr Company of New 
York City, was tried out, treating in all about 40,000 gallons of sludge 
in I5 operating days. The process, known as “acid heat flotation,” is fully 
described in Chapter II, and operating rates and results given in a separate 
section of this chapter. 


DISCUSSION OF RESULTS 
Analytical Determinations 


Samples of the activated sludge effluent were collected and composited 
similarly to the crude sewage and effluents from the other processes, no 
allowance being made for the period of retention in the process. Full 
analyses were made on these samples at the laboratory, and, at the experi- 
ment station, dissolved oxygen and relative stabilities were determined twice 
daily and bacteriological counts made at least once a week. Table 37 shows 
the operating rates and results as compiled from the daily records. Wasted 
sludge was sampled, moisture determinations made, and from time to time 
full sludge analyses were made. 
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Interpretation of Results 


Interpretation of the results is primarily for comparison of different runs 
and groups of runs in order to determine the most economical operating 
rates giving a satisfactory degree of purification. If the composition of 
the crude sewage were constant throughout the experiments, this inter- 
pretation would be simple and would resolve itself into direct comparisons, 
preferably by percentage removals of certain constituents from the crude 
sewage, and of the amounts of other constituents present in the effluents. 
The matter is complicated, however, by the fact that the crude sewage is 
always varying and shows a different average composition in each run. 
A direct comparison based only on percentage removals is, therefore, liable 
to be misleading. To illustrate this more clearly, assume that we have two 
crude sewages containing suspended solids of Ioo p.p.m. and 400 p.p.m., 
respectively, and effluents of 10 p.p.m. and 40 p.p.m. The percentage re- 
moval in each case is the same, indicating effluents of the same quality, 
whereas in reality the first effluent is markedly superior to the other because 
it contains less suspended solids. Therefore, the results should be inter- 
preted by the amounts of the constituents remaining in the effluent as well 
as by the percentage removal. The interpretations are further compli- 
cated because of seasonal variations in the activated sludge which tends to 
obscure the effects of variations in the operating rates. The final inter- 
pretation of runs and groups of runs, therefore, becomes a matter of 
judgment giving due weight to all these factors. 

In general, the activated sludge process produced excellent effluents and 
almost any desired degree of purification could be obtained by controlling 
the operating rates. These indicated that less tank capacity and volume 
of air was required to treat the New Britain sewage than usually required 
for similar plants elsewhere, suggesting that a full-size plant could be 
installed at a lower unit construction cost and operated more economically 
than usually indicated by the results from other experimental activated 
sludge plants. The results were often affected by changes in operating 
rates and also by seasonal variations, and a careful study of the effects of 
these changes is important in determining the proper basis of design and 
operation for a full-size installation. 


Seasonal Variations 


Seasonal variations properly studied require a run of at least a year 
keeping all operating rates constant. This procedure was, of course, not 
practicable at New Britain where it was necessary to try out different oper- 
ating rates and the time was very limited. Some idea of the effect of 
seasonal variations, however, may be obtained from a comparison of. Runs 
3, 6, and 9, representing summer, fall, and winter conditions, the operating 
rates being practically the same for all three runs. Table 38 shows the 
analyses of influents, effluents and percentage removals for these runs. 
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Examination of the above table shows that seasonal variations noticeably 
affected some of the constituents while other constituents were practically 
unaltered. The greatest difference is in the nitrification cycle. Nitrifica- 
tion is active during the summer, less pronounced in the fall, and absent 
during the winter. Accompanying comparatively high nitrification, as ob- 
tained during the summer, there was naturally a marked reduction in free 
ammonia and alkalinity. As nitrification became less pronounced during 
colder weather, these reductions also decreased. The percentage of dissolved 
oxygen was also affected, showing a greater saturation value in the winter 
than in the warmer weather. A possible explanation of this may be that 
cold water not only dissolves more oxygen than warm water, but accom- 
plishes it at a much faster rate. Relative stabilities were high but were 
greatest in summer. This is due to what might be termed a reserve stability 
in the form of nitrates. As regards the bacterial counts, these, in both 
crude sewage and the effluent, were greater in summer than in winter, 
but the percentage removal for winter was but little less than that for 
summer while the poorest removal was obtained in the fall. 

Organic nitrogen, oxygen consumed, total suspended solids, volatile sus- 
pended solids and iron were but little affected by seasonal variations. 


Effect of Air Variation 


The effect of varying the volume of air was studied from two series of 
runs; one series consisting of seven runs, each’ with about four hours’ 
aeration; the other, of three runs, each with about three hours’ aeration ; 
the other operating rates being practically the same for all runs in each group. 
Run 16 is also included in the comparison, the aeration period being 2.4 
_hours. Table 39 shows average analyses from these runs corresponding 
to different rates of air. 
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During Runs 1 to 7, the sewage remained quite uniformly warm, but 
there was some change in average temperatures for the different runs. 
While the seasonal variation had some influence upon the results of these 
runs, the main effects were doubtless due to the air variation. For the 
three hour and 2.4 hour retention periods, undoubtedly seasonal variation 
exerted great influence. 

The chief effects of different volumes of air are shown in the variations 
in nitrification and alkalinity. Nitrification was low. with small volumes 
of air increasing simultaneously with larger volumes except for the period 
when 2.5 cubic feet of air were applied. In this run nitrification was 
absent. This may have been due to either one or two circumstances: either 
a well activated sludge had not had time to develop in the initial run; or 
the excessive agitation caused by using so large a volume of air broke up 
the sludge into very fine particles which were carried off in the effluent. 

With the increase in air, for the four hour aeration period, with the 
exception of Run 1, there was a progressive increase in the removal of 
organic nitrogen. Oxygen consumed, total and volatile suspended solids 
were practically unaffected. The dissolved oxygen showed a tendency to 
increase in saturation value with increase in air, this being noticeably so 
for the runs using lowest and highest amounts of air. With the exception 
of Run 1 there was an increased stability accompanying the increase in air. 
Bacterial removals also increased progressively. A peculiar effect was 
noticed in the iron removals, apparently the greatest removal taking place 
with the smallest amount of air, the removal decreasing as the air increased. 

In the three hour retention period, nitrification did not take place, due to 
seasonal effects rather than aeration, and the averages of two periods with 
different amounts of air show very similar results throughout. In general, 
using the same volume of air, the results from the three hour aeration 
period were but little different from those of the four; while the results 
from the 2.4 hour aeration period were not quite as good as those from 
the four and three hour periods except for the organic nitrogen, in which 
the percentage removal was greater for the 2.4 hour aeration period. In Run 
16, however, the settling period was only 36 minutes and occasionally the 
sludge level rose and permitted some sludge to pass off in the effluent. 

The activated sludge process permits of control producing effluents rang- 
ing in purification from mere clarification to high removals of putrescible 
organic matter and the production of highly stable effluents. The amount 
of air required depends to a considerable extent upon the purification desired. 
Ordinarily, the two critical volumes of air determined are, first, the mini- 
mum producing clarification only; second, the minimum producing stabilities 
above a certain predetermined value. At New Britain time did not permit 
making runs giving the lowest amount of air necessary for clarification 
alone.. In this connection it is interesting to note that the suspended solids 
in the effluent using the lowest amount of air, namely, 0.5 cubic feet per 
gallon of sewage, were only slightly different from those in which larger 
volumes of air were applied. It would appear, therefore, that clarification 
alone could have been obtained using an even lower volume of air than .5 
cubic feet per gallon of sewage. 
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Determination of the exact amount of air required to produce a highly 
stabilized effluent is difficult on account of the effect of seasonal influences. 
From Table 37 it appears that the lowest quantity of air producing an 
average relative stability of at least 90% was 1.1 cubic feet per gallon 
of sewage. This applied to both the four and three hour period but the 
stability of 81% for the 2.4 hour retention period was influenced by the 
sludge level occasionally rising in the settling tank and some sludge passing 
over into the effluent. 

The amount of air required by the activated sludge process depends to 
a great extent upon the character of sewage treated. The volume of air 
required to produce a high degree of purification, however, has been con- 
sidered uneconomical because of the high cost of compressing the air, a 
great deal of which is actually unused by the sewage. 

At the New Britain plant after six months’ operation, a noticeable quan- 
tity of grit collected in the sludge raised from the settling tank by the 
air lift. This grit resembled closely that from the grit chamber, being 
heavy, black in color and having a pronounced foul odor. Undoubtedly, a 
certain amount of air was used up in agitating this heavy grit. The grit 
being highly putrescible further used up some of the air which might 
otherwise have gone to the sludge. It is important, therefore, that coarse 
and heavy solids be efficiently removed from the sewage by grit chambers 
and screens before treatment by the activated sludge process. 


Effect of Variation of Aeration Period 


Five runs were selected as comparable to indicate the effect of varying 
the aeration period, the sludge being returned direct from the settling tank 
in each of these runs. The different aeration periods tried were four 
hours, three hours, and 2.4 hours. Table 40 shows results from these dif- 
ferent periods. 
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From the above table, varying the retention periods from about 4 hours 
to 2.4 hours had but little effect upon the results. The most striking difter- 
ences are decreased removals of suspended solids and iron for the 2.4 hour 
aeration period. It is somewhat surprising that the lowest aeration period 
gave a slightly higher removal of organic nitrogen and bacteria. The 
effluents were all highly purified. 

The fact that the effluent from the smallest retention period was almost 
as good as the others, indicates that the minimum aeration period for good 
results was not reached during the experiments. No shorter aeration periods 
were tried, however, as the plant was designed primarily for a maximum 
period of four hours and the settling tank was obviously too smali to properly 
settle the increased volume of sewage necessitated by a period shorter than 
about three hours. The effluent from the aeration tank even with the 2.4 
hour retention period settled perfectly clear in liter graduates in 30 minutes. 


Effect of Variation of Settling Period. 


As the settling period was dependent upon the aeration period, Table 40 
also gives the results from varying this factor. Observation showed that 
a period of 36 minutes was too small to settle the sewage, as sludge occa- 
sionally passed off with the effluent. The noticeably lower removals of sus- 
pended solids and iron also confirmed this. Table 41 shows the settling 
rates on the basis of gallons per square foot of tank area. 


TABLE 41 


SETTLING RATES AERATION TANK EFFLUENT* 
ACTIVATED SLUDGE PROCESS. 


Settling Rate 


Settling Gals. per Day 
Period, per Sq. Ft. of 
Minutes Surface Area 
BR pce seus ae sande ot one eaten nach SE EO. Sed OG hones bee ates Rents Es eioceade 1,800 

ay ART SEAN ENO 4s Ay oe RIN Ge Tr Bi CIs Py hy ORs 2.250 

0 Ce i att OI Ra che Pic ie APE Ag RR Pa NE tS tell 2,900 


* Includes sludge. 


From the analytical data, the lowest satisfactory settling period was 47 
minutes. In practical operation, however, in order to assure a proper efflu- 
ent the minimum settling period should be one hour. 


Effect of Variation in Concentration of Sludge 


Table 42 shows the results obtained corresponding to various average con- 
centrations of sludge in the aeration tank. These concentrations were 
determined twice daily by measuring in a liter graduate the volume of sludge 
settling in one-half hour. The studies were made on groups of comparable 
runs and account was taken of different retention periods and reaeration 
of sludge. 
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Variation of the sludge concentration between 15% and 20% in the 
aeration tank showed no measurable consistent effect upon the results, 
except during the winter months when the higher concentrations gave slightly 
better results. The tests with sludge concentration of more than 20% were 
made with the short aeration period of 2.4 hours and a settling period of 
36 minutes, and the larger volume of sludge raised the sludge level visibly 
in the settling tank. From June 1 to June 6, 1921, the aeration period was 
maintained at 2.4 hours, but the sludge concentration gradually decreased 
from about 20% to 10%, due to constant wasting to the acid heat flotation 
plant. During this period the effluent was consistently clear up to noon on 
June 6, 1921, when it became somewhat opalescent, and the turbidity in- 
creased throughout the afternoon up to the time the plant was finally shut 
down at 7.15 p.m. that day. These observations indicate that a concentra- 
tion of 10% of sludge in the aeration tank was too low to give good results. 
The effluents using a concentration of 15% were entirely satisfactory, and 
it would appear that the critical concentration was between 10% and 15%. 
In a full-size plant for treating New Britain sewage less than 15% of sludge 
would not be advisable. During the winter months the concentration should 
be about 20%. 


Effect of Sludge Reaeration. 


Table 43 shows the results from various runs corresponding to different 
reaeration periods of the sludge. 
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Comparing the results with and without reaeration in the four hour aera- 
tion period, the effect upon nitrification is somewhat obscured by seasonal 
variations, particularly for the free ammonia and alkalinity. Dissolved 
oxygen was also affected by seasonal changes. When seasonal influences 
could be disregarded, as in Runs 15, 16, and 17, nitrification was prac- 
tically unaffected by reaeration. For the other determinations with reaera- 
tion, slightly better results were obtained but the removal of bacteria and 
iron were noticeably less. For the New Britain sewage the results, in 
general, showed that reaeration was of no particular benefit for the aera- 
tion periods tried. 


Effect of Iron Compounds 


Several investigators have stated that the presence of certain iron salts 
in the sewage is beneficial to the activated sludge process as they increase 
the growth of nitrifying organisms. Also, the precipitation of iron hydrates 
has a known coagulating action. In the New Britain sewage there were 
periods of continued high and low iron concentration, thus affording an 
excellent opportunity to compare the effects of these concentrations, but 
no attempt was made to identify the actual iron compounds present. For 
the purpose of comparison, some runs could be divided into periods of low 
and high iron content. The operating rates and temperature conditions 
were practically the same throughout each run, hence a direct comparison 
of results is possible. Table 44 shows analytical results under these con- 
ditions. 
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Careful study of the above table does not show that high iron concen- 
tration has any marked effect upon the results. The most noteworthy 
effect is in Runs 5 and 7, in which the higher iron concentrations apparently 
increased the stability of the effluents. 


Microscopic Examinations 


Microscopic growths differed in their predominance. The microscopic 
organisms are given in the order of their predominance on the occasions 
that examinations were made. In the sludge, on August 4, 1920, infusoria- 
vorticella, leptothrix, crenothrix, infusoria-tricophrya sinuosa, chlorophycee- 
mongeotia. On April 28, 1921, vorticella, suctorium, oxytricha, few colpi- 
dium, thread worms and paramecium. On May 26, 1921, many oxytricha, 
occasional colpidium, paramecium, rotifera and amceba. 

In the effluent, the examination on August 4, 1920, showed chlorophyceex- 
chetophora, infusoria-vorticella, chlorphycee-closterium. April 28, 1921— 
similar forms were observed to those in the activated sludge, but not so 
numerous. On May 26, 1921, there were many rotifera, some amceba and 
colpidium and occasional paramzcium. 


CHARACTER AND AMOUNT OF SLUDGE 
Sludge Analyses 


As observed in liter graduates, the sludge consisted of coarse flocculent 
particles, brown in color. The intensity of the color varied with the amount 
of iron in the sewage. The sludge settled very readily with a clear line 
of demarcation between sludge and the supernatant liquid. Grit and a 
variety of extraneous matter similar to that in the grit chamber were also 
observed. The sludge had practically no odor when fresh. Table 45 shows 
analyses of samples taken from time to time. 


TABLE 45 
ANALYSES OF ACTIVATED SLUDGE 
Dry Basis Tests 





—— — Ether Extract 
Mineral Volatile Nitro- 
Specific Moisture Matter Matter gen Plain Acid 
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Date Gravity. -°% He oF Ve Y % 
June 29,'1920.° 1.000 * 98.4" 48.3 51.7 224 24.8 26.4 
Fiaby-n12.1920-) 1SO17-2>O8e5" 2° 42.3 B77 3°52 6.8 33.5 
AUS LO NtO20; 1010. 9729") 4250 58.0 4.20 9.2 —— 
Septzoe,, 1020, K.003. 98.7" .° 24,3 75.7 4.80 EL.2 15.8 
April, ro2L. 1. 0CF 99-6 28.7 is see 4.44 16.8 
Junex-i, 1921. 1.000" . 99.6 — 4.07 Sse 14.8 
Junex.2; 1921. 99.6 ott 4.04 a 15.4 
iano ee, VO2h =. | ".90).3 22.2 67.8 4.42 — 17.0 
june 5, 19O2r. 99.5 30.8 69.2 Ane — 16.8 

5 —— —— 4.98 —— 16.9 


June” 6,-1921 . 1.000 «99. 


* Sample concentrated by settling and decanting supernatant liquid. 


The specific gravity of the sludge was but very little greater than that 
of water. On the dry basis, the mineral matter ranged from one half to 
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one quarter of the total solids and the volatile matter from one half to three 
quarters of the total solids. The total nitrogen (reported as N) varied 
from 2.24% to 4.98%. The ether extract varied from 14.8% to 33.5%. 
Sludge was wasted about three times a week and samples were taken to 
determine the percentage solids, which, combined with the volume of excess 
sludge, enabled computation of the amount of dry solids wasted. The dry 
solids were practically always less than 1% of the wet solids, averaging 
for the entire year .44%, with a corresponding moisture content of 99.56%. 


Recovery of Suspended Solids in Sludge 


The total solids determinations were assumed as representing the sus- 
pended solids in the sludge at New Britain, and for the purpose of com- 
puting the dry suspended solids, the solids in solution could be ignored be- 
cause they were very small in comparison with the suspended solids. The 
dissolved solids in the sewage averaged about 300 p.p.m., which would give 
a difference of .03% between the total and suspended solids. Considering 
that the average total solids in the sludge was .44%, it was not thought 
necessary to correct this to .41% by allowing for dissolved solids because 
this refinement would give fictitious accuracy, being outside the limits of 
sampling and testing errors. 

For the various runs, the amounts of suspended solids removed from the 
sewage were computed from tests on the influent and effluent, combined 
with the total amount of sewage treated. Table 46 shows the amounts of 
solids removed from the sewage and those recovered from the sludge. 
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TABLE 46 


AMOUNT OF SLUDGE AND DRY SOLIDS PRODUCED BY 
ACTIVATED SLUDGE PROCESS ©. 


Per Million Gals. of Sewage 

















Treated 
Reduction 
of Sus 

Dry pended Dry 

Solids Solids Solids 

Amount Amount in Volume from in 

Date of Sewage of Sludge Wasted of Sludge Crude Wasted 

No. of 1920 Treated Wasted Sludge Wasted Sewage Sludge 
Run 1921 Gals. Gals, 7. Lips. Gals. Lbs. Lbs. 
Ii, June 14-July 1. 770,000. - 2,595 346 3,380 706 450 
22 Valy 2=Aue. Y 1,247,700 -13,044°)) A180 10,500 1,090 945 
“aa SAU 2 —1O FiA2 OOO0"* 0,787 661 13,200 1,190 892 
A. Aue. 20-31 502,800 5,250 398 10,500 740 795 
5 Wiapepts 1=30 1,350,000 32,180 1,380 23,900 1,060 1,020 
Crp Oleta I-14 571,000 7,200 375 12,700 865 647 
7  Oct.15-Nov.30 1,890,000 34,850 1,515 18,500 1,173 802 
Ser Weey isi 1,300,000 43,380 1,220 33,300 S730, 938 
or ijanni-3t 1,300,000 31,605 936 24,300 650 | 720 
10 Feb. 1—Mar. 2 1,255,000 53,055 1,600 42,300 906 1,275 

11 Mar. 3-20 954,000 17,320 627 18,200 640 658 | 
ig. Mar. 21—-Apr. 7 954,000) 237-780 715 39,600 591 750 
Pah Aor. .8-16 476,000 22,475 403 47,300 640 848 
ta Apres 17—-May 1» -873,000,-» 15,820 316 18,100 6325" ~ 362 
15, May 2-11 700,000 13,670 360 19,500 800 514 
PO. 4 May 12-21 700,000 6,650 386 9,500 742 552 
17-7 May. 22>31 700,000 13,730 782 19,600 675 1,118 

SPOUSE es ea 16,285,500 360,451 13,200 ——— 

Wielgi edi Average ios 8.) feeen at slee woantiaks 22,100 859 810 


From the yearly average, it is seen that the amount of suspended matter 
recovered in the sludge was slightly less than that computed from the 
removal of suspended matter from the sewage. This loss may be attributed 
to digestion.of some of the sludge solids, but it is at least doubtful if they 
represent the total amount of digestion. 


Recovery of Nitrogen in Sludge 


Sufficient nitrogen determinations were not made on the activated sludge 
to warrant detailed computation of nitrogen recovery by runs. This was 
realized during the operation of the plant, but only such tests were made 
as would determine the general composition of the sludge, and no particular 
attempt made to obtain a nitrogen balance. This procedure was necessary 
on account of limited funds available, which were practically all expended 
in the necessary routine work in which frequent full analyses of sludge 
could not be included. An approximation of recovered nitrogen, however, 
which is probably fairly close to the actual, may be obtained from the data 
on hand, assuming that the yearly average nitrogen in the sludge was the 
direct average of the few tests made throughout the year. This average 
was 4.1%. Under these conditions, the following table shows the yearly 
input and recovered nitrogen from various sources. 
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TABLE 47 
NITROGEN INPUT AND RECOVERY ACTIVATED SLUDGE 
PROCESS 
(Lbs. per Million Gallons of Sewage Treated, Based on Yearly Averages) 
Input Recovered in Effluent 
From From Or- Re- 
Organic - Free . From. From ganic Free covered Total 


Nitro- Am- Ni- . Ni- Total Nitro- Am- Ni- Ni- in Re- 
gen monia trites trates Input gen monia trites trates Sludgecovered 


TOZe Neha! EVO 2 16 235 34 96 5 19 a4 187 


From the above table, it would appear that the amount of nitrogen recov- 
ered is 20.4% less than that contributed by the sewage. This loss may 
possibly be accounted for by production and escape of gaseous nitrogen, or 
lack of sufficient accurate data to give thoroughly reliable results. These 
figures do not prove, however, that there was no fixation of nitrogen from 
the air, but if there was fixation this was more than offset by digestion. 


Fais in Sludge 


An indication of the fat content of the New Britain sewage is obtained 
from the amount removed from the sewage and recovered in the activated 
sludge. In the sludge, the acidified ether extract averaged 19.3% of the 
dry solids, or 156 pounds per million gallons of sewage treated. This 
corresponded to a removal of 18.8 p.pm. from the sewage. This, no doubt, 
did not represent all the fats in the crude sewage, as experiments elsewhere 
indicate that some of the fats are broken down by the activated sludge 
process. 


Scum 


During the summer of 1920, a noticeable amount of scum formed on the 
surface of the settling tank between the inlet pipe and inlet baffle. This 
was removed and weighed and samples taken for analyses. Table 48 shows 
the amount of scum produced and analyses of representative samples. 


TABLE 48 


ANALYSES OF SCUM ON SETTLING TANK 
ACTIVATED SLUDGE PROCESS 








Wet Dry 
Scum Scum 
Pro-  Pro- Dry Basis Tests 
duced duced =~ 
Date of Lbs. Lbs. Speci- Min- Vola- Ni- Ether Extrac 
Scum per per fic Mois- eral tile trogen ———~*——— 
Accumulation Million MillionGrav- ture Mat- Mat- % Plain Acid 
1920 Gals, ..Gals.. ity Op ter ter Up % 


Ve 76 
May 24-June22 38 7 80 sols 1770 sogcO =f .40 


June 23-July 13 75 15 O07 867 Ol 1G: 5.9800 8% 44 O66. Bte7 a4 
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The analyses show the scum to have a specific gravity less than that of 
water and the moisture content to be comparatively low. The volatile 
matter was exceedingly high. The scum is very similar to that from the 
grit chamber. 


DEWATERING OF SLUDGE ON DryinG BeEpbs 


During the summer of 1920, activated sludge was applied to the sludge 
drying beds on three different occasions, the greatest depth on the beds 
being 7 inches. Very little dewatering occurred and after remaining on 
the beds for periods from one to two weeks, the water line of sludge on 
the beds was only inappreciably lowered and the sludge was in practically 
the same liquid condition as when discharged onto the beds, and a noticeable 
odor developed. It was apparent that the sludge was not amenable to dry- 
ing on beds. 


DEWATERING OF SLUDGE BY AcID HEAT FLOTATION PROCESS 
Operation of Plant 


The design and general method of operating the acid heat flotation unit is 
described in Chapter II. Operation was started May 19, 1921. As previously 
mentioned, the design was faulty in several respects as it was necessary to 
sacrifice design to speed of construction because the entire experiment station 
was scheduled to shut down shortly after it was decided to try out the acid 
heat flotation process. The main operating difficulty encountered was the 
boiling of sludge around the steam pipes above the reaction chamber. This 
caused suspension of operation several times during the first few days of 
testing. By insulating the pipes with asbestos, as shown in Figure 6, the 
boiling was greatly reduced and after June 1 there were no further shut 
downs due to sludge boiling. 


From June 1 to June 6, the plant was operated continuously with only 
three interruptions, none of which could be charged against the process. 
Two of the interruptions were due to trouble with the air blower motor, 
necessitating shutting down the entire activated sludge plant; the other due 
to a very heavy rain which soaked the floated sludge. Out of 123% pos- 
sible operating hours from 4 p.m., June 1, to 7.15 p.m., June 6, the: flotation 
unit was in operation 115 hours, being shut down 8% hours through no 
fault in the operation of the process. Even with the imperfect design it 
was quite evident that the acid heat flotation process could be successfully 
operated on the continuous flow principle at New Britain and that it re- 
quired but very little manual labor. 


The flotation unit was finally shut down at 7.15 p.m., June 6, 1921, be- 
cause the activated sludge was very thin, due to the flotation unit taking 
considerably more sludge than was being built up. The concentration at 
noon, June 6, was only 10% in the aeration tank after 1% hour settling. 
During the flotation experiments the activated sludge plant was treating 
70,000 gallons sewage per day, operating on a 2.4 hour retention period 
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and 36 minute settling period, applying a total of 1.1 cubic feet of air per 
gallon sewage. Up to May 22, the returned sludge was not reaerated. 
After May 22, it was reaerated two hours. 


Rates 


On May 19 and 20 the sludge was treated at a rate of 4,800 gallons per 
day. From May 23 to the end of the tests the rate was 4,150 gallons per 
day. No attempt was made to determine the ultimate capacity of the unit. 
Based on 4,150 gallons per day, the retention in the reaction chamber was 











Fic. 18.—Acid Heat Flotation Plant 


8.1 minutes, or 5,280 gallons per day per square foot of reaction chamber 
area, or 1,320 gallons per day per square foot total tank area (excluding 
the water jacket). It was at first intended to add only sufficient acid to 
produce about 25 p.p.m. acidity in the effluent, but the acid orifice could 
not be very easily manipulated, and rather than attempt economical acid 
dosage it seemed more advisable to insure that the effluent be acid at all 
times. 
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The discharges from both sludge and acid orifices were frequently meas- 
ured, and the necessary titrations made of the acid solution to compute 
hourly dosage rates. Sufficient heat was maintained to insure sludge flota- 
tion and the production of a clear effluent. Using heat from the water 
jacket, the most suitable temperature seemed to be about 50° C. With 
direct heat from the reaction chamber coil, after discontinuing the water 
jacket, this temperature seemed to be about 30° C, although a clear effluent 
was observed with as low a temperature as 27° C. Below this temperature, 
even with a heavy excess of acid, flotation was noticeably poor and the 
effluents very turbid. Steam pressure in the boiler varied from five pounds 
to 100 pounds, the lower pressures being the more favorable on account 
of causing less excess heat above the reaction chamber. 


DISCUSSION OF RESULTS 


Analytical Determinations 


Composites of influent, effluent and floated sludge were made from hourly 
samples and sent to the laboratory of the Bureau at New Haven. Sus- 
pended solids, organic nitrogen, free ammonia, reaction and iron were 
determined on influent and effluent samples. With the exception of sus- 
pended solids, these tests were also made on the floated sludge. Oxygen 
consumed was usually determined on the effluent. Specific gravity, mois- 
ture and acidified ether extract were determined on the influent and floated 
sludge. At the experiment station temperatures of the influent, effluent 
and floated sludge were taken every hcur. Hourly titrations were made 
to determine the acidity of the effluent. As required, titrations were made 
of the acid added to the sludge. Starting May 31, hourly turbidities were 








Fic. 19—Floated Sludge on Surface of Flotation Unit 
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run on the effluent and also on the composite daily samples. In each case 
the composites agreed very closely with the average of the hourly samples. 
Starting June 3, turbidities were also run on the influent composites. 
Turbidity tests were made by dilution of the sample, when necessary, and 
comparison with silica standards. 

Operating and analytical results are shown in Table 49. In some instances 
all the contemplated tests were not made on the composite samples. This is 
due to the fact that on June 7, 1921, the State Legislature enacted a law 
providing for a new Commission to investigate stream pollution and indus- 
trial wastes. Apparently, the work of the Commission was to be advisory 
only, and the members were to serve without salary, and no appropriation 
was granted for technical work. This necessitated closing the present 
laboratory on June 30 and consequently considerable laboratory work, in- 
cluding that on flotation, had to be curtailed. 
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Dewatering of Sludge 


The moisture content of the influent sludge varied from 99.10% to 
99.63%, the weighted average being 99.55%. The moisture content of 
the floated sludge varied from 84.5% to 91.1%, the weighted average being 
88.2%. Compared with the results of filter pressing, in which individual 
pressings have yielded 80% moisture and sometimes 75%, the moisture in 
the floated sludge is relatively high. It is felt, however, that a lower 
moisture content would have been obtained if a deeper flotation unit were 
used, thereby allowing greater depth of sludge at the surface, probably 
resulting in greater dewatering. It must also be remembered that the 
averages here given include samples affected by boiling of the sludge, and 
no doubt this resulted in a higher moisture content than would have been 
obtained with proper design. 


Suitability of Sludge for Further Drying 


Table 50 indicates that the sludge dried very readily on the ground. It 
is realized that the few tests made are not sufficient to warrant final con- 
clusions, but the indications are that air drying is a perfectly feasible method 
of further drying the sludge and may be expected to result in considerable 
economy in the final drying of activated sludge. 


TABLE 50 


SLUDGE FLOTATION 
DEWATERING BY DRYING ON GROUND 


% Moisture 




















Date 
Drying =~ 

Source Period June 2 June 3 June 4 Av. 
Wigcret sects ahah ak 99.63 99.21 99.34 99.39 
PEO S Hiake MeO tos fe) 90.0 89.1 88.4 89.2 
Peso es  ussie,. Meee. 2: 1 Day 7G 82.4 re 
ane sare as es Rays 2 Days 71.0 62.0 66.5 
Oho a eee area 3 Days 59.7 —— 59.7 
Besos kot ee 3 Weeks 24.4 28.2 —— 26.4 


It is very doubtful if the floated sludge could be economically dried 
by direct heating unless its moisture content is noticeably less than 88%. 
That the flotation process is capable of producing a lower moisture content 
is clearly shown by the results of May 24, when the daily composite sample 
gave a moisture content of 84.5%. 

It is, however, important to note that the flotation process rendered the 
sludge thoroughly satisfactory for drying on beds, an average moisture con- 
tent of 26.4% being obtained from samples taken from the centers of two 
representative piles after three weeks’ drying. During the first two or 
three days on the ground, the dewatering was noticeably due to drainage. 
After that period, air evaporation seemed to predominate. The ground 
on which the sludge was spread was of a hard, impervious clayey sand 
texture. 
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In actual practice, in well drained sludge beds, it is not unreasonable to 
expect a moisture content of 50%, reached within a period of two weeks. 
It is apparent that air drying of dewatered sludge offers considerable oppor- 

















Fic. 20—Floated Sludge Drying on Ground 


(This picture was taken one week after the sludge was spread on the 
ground. Note the large dewatering cracks) 


tunity for economy and more attention should be given to this phase of 
the problem. 


Recovery of Suspended Solids in Floated Sludge 


As shown in Table 51, the total weight of solids in the influent sludge 
was 1,257.8 pounds. The solids recovered in the sludge were 986.7 pounds, 
or a recovery of 786%. This figure was very closely checked by the 
weighted averages of suspended solids in the influent and effluent, the in- 
fluent being 4,549 p.p.m., the effluent, 1,095 p.p.m.—or a loss of 24% in the 
effluent,—leaving a recovery of 76% in the sludge. 
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TABLE s1 


SLUDGE FLOTATION 
DRY SOLIDS IN INFLUENT, EFFLUENT AND FLOATED SLUDGE 








Lbs. 

Date, 1921 Inf. Eff. ES. 
May 30... «cc betas See ee eee 58.2 1.8 56.4 
BS ia.’ diy. «cee on RS ay EN ate cae a 34.1 89 30.2 

23 os, 0: RAR ee OU en aie 80.0 Pe. 7, 68.3 

2 7s MM AS Se Poth ln rc ade mR eh are ei ey 209.0 38.5 170.5 

BO. os Rea cat ce oe 179.0 34.0 145.0 

BS as 0d a + ORR ees En) oR alee ee 63.4 Bils,7 C17 
TE ocho: seen ete eet one ener 80.8 40.1 40.7 
pS te SE Re Re eth ea nA” ey | 90.3 27-30) 63.3 

i POMPE ac ie sree eee within hak ahaele ee 134.0 50.8 Oa 2 

Ben dc. BAN SE Se eee oe a eee eae 145.0 15.2 129.8 

PON oo. Sey pens al emer ie JO 145.0 ey OB 110.9 

Os i.» 5 RRR ae eo Since tine 39.0 2.3 46.7 
Total. ites Tae es Be th meen ees 1,257.8 270.1 986.7 


With proper design it might be reasonably expected that the suspended 
solids in the effluent would not exceed 200 p.p.m., or a loss of about 4.5%, 
leaving a recovery of about 95%. The following table shows tests of 
samples of the effluent taken at different times, indicating that the process 
is capable of producing an effluent of very low suspended solids. 


TABLE 52 


SLUDGE FLOTATION 
EXAMPLES OF LOW SUSPENDED SOLIDS IN EFFLUENT 


ous. 
Sol. 

Date, 1921 Time p.p.m. 
NUE gee? OME OA rena te tava. ve Naren, ros eles me nega 10 a.m. ICO 
DA ua « tate AN GR tae RR EEO tee CIENY ee a ee Tl am, go 
BA ee ca TR Dear ae Le ee ee ree apne 3 p.m. 65 
7 Me DNA Mates Shor Ady sig, Sos area yh sence, UM ate es 5 p-m. 55 


Table 53 shows examples of low turbidities in the effluent. The sus- 
pended solids in this particular effluent may be roughly estimated at three 
times the turbidity. 


TABLE 53 


SLUDGE FLOTATION 
EXAMPLES OF LOW TURBIDITY IN EFFLUENT 


Date Turb. Date arp: 
1921 Time p:p.m. 1921 Time p.p.m. 
June 2 12.10 p.m. 80 June 5 sac 30 
2 i prim! 70 5 FAs oe 20 
2 1.30 p.m. 40 5 8 a.m. 80 
2 2p: 70 5 9 a.m. 50 
2 2.30 p.m. 40 5 10 a.m. 50 
June 4 Noon 25 5 2epuiny 50 
4 5 p.m. 80 5 3 p11 30 
4 6 p.m. 80 6 8 a.m. 60 
4 7 paw. 60 6 9 a.m. 35 
5 2 a.m. 60 6 10 a.m. 30 
5 3 a.m. 70 6 It ean: 60 
5 4 a.m. 30 6 Noon 35 
5 5 a.m. 20 
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Recovery of Organic Nitrogen and Free Ammonia in Floated Sludge 


Some discussion has developed among analysts regarding the proper 
method of making nitrogen determinations on activated sludge. In connec- 
tion with the flotation experiments it was planned to make these tests by 
the several different methods in controversy. In general, the tests may 
be made on the wet basis by diluting a portion of the sludge and treating 
the mixture as a raw sewage. The tests may also be made on portions 
evaporated to dryness, using either the unaltered sample or acidifying the 
sample to prevent possible loss of ammonia while drying. The forced cur- 
tailment of the laboratory work caused this part of the analyses to be 
dropped. For the nitrogen balance, therefore, the figures are taken as 
obtained on the wet basis for the influents and effluents, i. e., a part of the 
sample was diluted with distilled water and the mixture treated as a crude 
sewage. On samples of the floated sludge, all tests were made on the wet 
basis and some on the dried, unacidified (except for the acid retained dur- 
ing flotation) residue. Combining the results from the wet basis tests 
with the percentage moisture, the nitrogen, as the sum of organic nitrogen 
and free ammonia, expressed as ammonia, was computed to percentage on 
the dry basis. For the nitrogen balance, the figures for the floated sludge 
were taken from the actual dry basis tests when these tests were made, 
otherwise the computed percentage from the wet basis was used. 

Table 54 shows the amounts of nitrogen as NHs from the organic 
nitrogen plus free NHgs in the influent sludge, and the amounts recovered 
from the effluent and floated sludge. Theoretically, the sum of the recov- 
ered amounts should equal that of the influent. The computed figures, 
however, show a discrepancy between input and amount recovered. In 
~ some cases recovery is greater than input and in other cases less, the net 
total discrepancy being very small, 1.61 pounds for an input of 91.66 pounds, 
or less than 2%. Balancing the discrepancy in proportion to the total 
amounts from the various sources, the total nitrogen input was 92.49 pounds, 
of which 22.36 pounds were recovered in the effluent and 70.13 pounds, or 
76% of the input, in the floated sludge. 
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TABLE 54 


SLUDGE FLOTATION, 
NITROGEN RECOVERY 


iLber as N Ets 
Amount Recovered 

Date, 1921 Input Eff. Ep: Total 
DOO i ate, cores pata meee 4.86 .61 CE 2.92 
EIS g heterotopia ne ZB. 2% .19 £ OL 2.00 

QS ihe Bos TAGE te 4,10 Ee 4.50 5.63 

BAAS Sik Ses She meh atte 10.50 2.95 11203 14.58 

De Rh abort teh a oo 12.70 2 OF 9.35 13.02 

A aired OO aan ag BE 4:76 1.64 3.68 ie ae 
SHOTS FR Pa UW RAS 6.88 4.40 2°76 8.16 
Pee as ER BPR an 8 Be vege 7.56 3.04 4.91 7.95 

Bede Kok vciha Ries avat eadtcecaht hig a 69 1.82 6.43 8.25 

CN RETA eh aloepigk ae, NS Te 12, 25 1.14 O77 10.91 

BF cliah at us pneche ke See au 8G, poem 9.37 aap! 8.59 10.10 

Cater tae REP I Se 5.30 47 3.04 550 

MCMC yt oath da Ryote rire AOR acess OE GO 22.57 FO 93.35 
MCR 5 setae Ve A Mek atin 92.49 22726 FOOLS 92.49 


The following table shows the weighted averages of nitrogen in influent, 
effluent and floated sludge, as p.p.m. from the wet basis tests, and computed 
to percentage on the dry basis, by combining with the moisture tests for 
influent and floated sludge and with the suspended solids tests for the 
effluent, no moisture tests being made on the latter. 


TABLE 55 


SLUDGE FLOTATION 
TOTAL NITROGEN (AS NHs3) 


Wet Dry 
Basis Basis 
p.p.m. oF 
POE ola as, vs utskrae hk Woes eas ae OSI «SCARE A ee ate aaa ee 322 TAS 
BET tn. Gon er 6 Mo EAL oo oo cay Sie ees pineed Abie a aed 83 7.58 
1 BAR Are NES ine oP on Se nota eae Nae al, Ohl al do ae ft RA 8,350 7.08 


It is seen that the 76% recovery of nitrogen in the sludge is practically 
identical with the recovery of suspended solids. This seems to indicate 
that the nitrogen in the effluent is practically entirely contained in the sus- 
pended matter. In a properly designed flotation unit, therefore, it is but 
logical to expect an exceedingly high nitrogen recovery in the floated 
sludge. 

Returning to the technique of nitrogen determinations, the concentration 
as determined from the unacidified activated sludge has often been found 
considerably less than that from acidified and dewatered sludge. The acid 
heat flotation results at New Britain indicate that the acid has little effect 
in dissolving out inorganic mineral matter from the sludge, thus producing 
a higher nitrogen concentration in the acidified sludge. This assumption 
is based to a large extent upon the iron determinations. It is, therefore, 
felt that the effect of the acid is not to actually increase the nitrogen con- 
centration, but that the discrepancy in acidified and unacidified sludge may 
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possibly be due to some volatilization of nitrogen compounds in drying 
the unacidified sample of activated sludge for making the nitrogen deter- 
mination on the dry basis. Five daily influent composites, tested on the 
dry basis, averaged 4.36% total nitrogen (as N). The same composites, 
tested on the wet basis and computed to percentage dry basis by combining 
with total solids, averaged 5.11% nitrogen (as N). A thorough review 
of the technique of organic nitrogen determination on sewage sludges would 
be of considerable value. 

On the dry basis, the average nitrogen concentrations as NHg were, 
influent sludge, 7.15%; effluent, 7.58%. The concentration in the floated 
sludge, as determined mostly from the dry basis tests and partly from the 
wet basis tests, was 7.08%. The fact that these three concentrations were 
very similar indicates that the methods of making the tests were reliably 
accurate. Throughout the year, however, the total nitrogen tests made 
on the residue of the evaporated samples of wasted activated sludge 
averaged 5.0%, expressed as tree ammonia. This is noticeably different 
from the 7.15% computed from the wet basis tests. As the dissolved 
solids in the New Britain sewage are less than 300 p.p.m. and the suspended 
solids in the activated sludge about 5,000 p.p.m., the discrepancy cannot 
be logically charged to the influence of the dissolved solids in the sludge. 
The only other reason which may account for this discrepancy is that 
with such a large amount of water to be evaporated to make the test on 
the dry basis, a very lengthy heating period over a water bath is required 
and some of the nitrogen compounds in the wasted sludge volatilize and 
are lost. . 


_ Recovery of Iron im Floated Sludge 


During the flotation tests, there were times when the iron in the crude 
sewage was very high, the maximum daily composite showing 80 p.p.m. 
At other times there was practically no iron in measurable amounts, the 
tests being recorded as traces only. Ideal conditions were, therefore, 
obtained to study the effect of iron on the acid heat flotation process, as 
practically all the iron in the sewage was precipitated in the activated 
sludge. The study of iron was important for two other reasons: First, 
the claim has been occasionally made that the presence of certain iron 
salts is beneficial to the activated sludge process, and in the flotation process, 
it would be of advantage for the acid to dissolve out the iron, and the 
highly iron concentrated effluent be returned to the aeration tank; second, 
the action of the acid on the iron would give a fairly general indication 
of the effect of acid on the inorganic mineral matter in the sludge. 

Regarding the claim for beneficial effects of iron on the activated sludge 
process, a study was made of this phase in connection with the main acti- 
vated sludge unit. The source of iron was mostly pickling liquors, and 
when discharged into the sewers, was probably in the sulphate form. There 
was, however, sufficient alkalinity in the sewage to always neutralize these 
liquors, so that for the most part the iron was in the precipitated hydrate 
and carbonate form upon reaching the experiment station. It was quite 
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definitely established that the iron, as it reached the experiment station, | 
had but little effect upon the activated sludge process. Clarification, dis- 
solved oxygen, the various forms of nitrogen and oxygen consumed were 
practically the same during continued periods of high and low iron con- 
centration. Relative stability was the only determination noticeably affected, 
at times being markedly greater during periods of high iron concentration. 
At other periods, however, the relative stability was practically the same 
as during both low and high iron concentration. 

With regard to the flotation process, therefore, the study of iron is 
important mostly as an indication of the effect of acid upon the inorganic 
mineral matter in the sludge. The following table shows the iron input, 
the amounts recovered in the effluent and floated sludge, and discrepancy 
between input and recovery. The net discrepancy, which was less than 3% 
of the input, was balanced in proportion to the iron in the various sources. 


TABLE 56 


SLUDGE FLOTATION 
IRON RECOVERY 




















Lbs. Amount Recovered 

Date, 1921 Input Eff. Fos. Total 
RRA yTO ewe an eer t,o Ano 10.56 .70 7.20 7.90 
BO ois tion Sohne ok oaWine ace 5.56 547. 3.40 3.87 

Beth Ria eet cts, She sasten eh 9.87 2.45 5.38 7 EOS 

2 yer AO ace I lea A 2320 4.65 24.20 28.85 

Bo ot, VA ered ORE eine 2.30 .63 2) AO 3.03 
Nien Oe me eres 270 1.68 1422 2.90 
ee ee tapeca ts Keke keg eee Roe 2.85 1.55 1.90 3.45 

OER a at ante aebee, ewe 226 a22 . 80 1.02 
MOU ees Pees eer gee 59.40 12535 46.50 58.85 
Balsnecd oi 8 5 Nae Pane 59.12 12.41 46.71 59.12 


From the table, it is apparent that the iron is recovered in the sludge 
in almost identically the same proportion as the suspended solids, the figures 
being 79.0% for the iron and 78.6% for the suspended solids. The similarity 
of these recoveries leads to the conclusion that the iron in the effluent, 21% 
of the input, passes into the effluent as part of the suspended solids and 
that there is but little dissolving of iron from the influent sludge. The 
explanation of this may be that the floated sludge was always alkaline in 
reaction and the acid, therefore, had very little chance to exert any great 
solvent action upon the sludge. With regard to the effect of acid upon the 
other mineral matter, sufficient work has not been done to warrant definite 
conclusions. From Table 49, it will be noticed that the acid consumption 
was usually but little in excess of the alkalinity of the supernatant sludge 
liquid, indicating a reaction of the acid mostly with the carbonates and 
bicarbonates in solution. This being the case, it is logical to presume that 
the small amount of acid consumed in reacting with the suspended solids 
in the sludge could not have exerted a very great dissolving action upon 
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them. This is further indicated by the fact that the floated sludge was 
always alkaline in reaction. 


Fats 


As shown by the acidified ether extract, the concentration of fats was 
high. As expected, the few tests made on both influent and floated sludge 
indicate that there is but a small loss in the effluent. 


Character and Disposal of Effluent 


The analytical tests indicate that the average effluent, as obtained from 
the flotation unit, was roughly from five to ten times as strong as an 
average domestic sewage. The amount of excess activated sludge produced 
at New Britain was approximately 2% cf the sewage flow. A mixture of 
activated sludge effluent and flotation effluent would, therefore, afford a 
dilution to the latter equivalent to a dilution of five to ten volumes of clean 
water with crude sewage. In some cases, this dilution would be satisfactory, 
but in others, would not be acceptable. The flotation process, however, is 
capable of producing an effluent of about the strength of crude sewage. 
The dilution of such an effluent with the activated sludge effluent would 
afford a dilution approximately equivalent to that of 50 volumes of water 
to one of crude sewage, which should be satisfactory in almost all cases. 
The logical disposal of the flotation effluent, if only of the strength of 
crude sewage, seems to be its discharge with the activated sludge effluent. 
It would hardly be worth while trying to recover the nitrogenous matter 
in a very clear flotation effluent by returning it to the aeration tank. 

From the tests, it is rather noteworthy that while the turbidity in the 
influent sludge agreed very closely with the suspended solids, the suspended 
~ solids were from two to five times as great as the turbidity in the effluent. 
As observed, the suspended matter in the effluent was comparatively coarse 
and granular in appearance and frequently contained pieces of newspaper 
from one half to one inch square. The appearance of the effluent as 
observed at the outlet pipe was quite deceptive. While flowing, it would 
seem perfectly clear, but upon testing showed turbidities as high as 150 
p.p.m. with an approximate suspended solids content of over 400 p.p.m. 
With no noticeable difference in the appearance of the effluent from the 
above, turbidities of 20 to 40 were often recorded, the approximate. sus- 
pended solids being from 60 to 120 p.p.m. It is evident that observation 
of the effluent alone cannot be considered a reliable indication of its 
character. 


CONCLUSIONS FROM ACID HEAT FLOTATION TESTS 

As a result of the tests at New Britain, the acid heat flotation process 
has proven capable of being operated on a continuous flow basis to dewater 
activated sludge from a moisture content of 99.55% to 88.2%. The influent 
sludge varied from 99.1% to 99.63%, and the floated sludge from 84.5% 
to 91.1%. The floated sludge was very easily dried on sludge drying beds, 
dewatering the first three or four days mostly by drainage and after that 
mostly by air evaporation. Attention is directed to the fact that wasted 
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activated sludge dewaters only inappreciably when placed on sludge drying 
beds due to its rather gelatinous nature. After acid heat treatment, the 
sludge particles were visibly changed, approaching the granular form. 
This change in structure allows the water to rapidly drain from the floated 
sludge. 

The operation of the process requires a sufficient amount of acid te pro- 
duce a slight acidity in the effluent, and a sufficient amount of heat to 
accelerate the reaction between acid and sludge. Neither acid alone, nor 
heat alone, produced proper flotation. It is quite likely that a tubular steam 
chest in the reaction chamber would be the best method of quickly and 
evenly heating the mixture of sludge and acid. No water jacket is re- 
quired. Disturbance of the floated sludge above the reaction chamber 
should be avoided. 

Eliminating excessive heating above the reaction chamber, the process 
itself is quite easy to operate and in a well-designed plant very high recov- 
ery of nitrogen and suspended matter may be expected in the floated 
sludge. As no filter pressing tests were made at New Britain, a direct 
comparison of filter pressing and acid heat flotation cannot be made. A 
comparison between these two methods of dewatering sludge would be 
extremely valuable and it is to be hoped that further tests of the acid heat 
flotation process will be made at experimental plants where filter pressing 
has also been tried out. 


POSSIBLE RECOVERY VALUES FROM DRIED ACTIVATED SLUDGE 


Dried activated sludge differs from other sewage sludges in that it is 
both physically and chemically quite well adapted for use as fertilizer, par- 
ticularly when mixed with other desirable fertilizer bases. The nitrogen in 
the sludge is the main element of fertilizer value, the average content from 
the floated sludge being 5.8% expressed as N on the dry basis. Complete fer- 
tilizer analyses, however, were made on four samples of floated and dried 
sludge by the Connecticut Agricultural Experiment Station, the results being 
shown in Table 57. 
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TABLE 57 
FERTILIZER ANALYSES OF FLOATED AND DRIED SLUDGE 


(ANALYSES BY CONNECTICUT AGRICULTURAL EXPERIMENT STATION) 
RESULTS AS PER CENT DRY BASIS 


Sample Sample Sample Sample 
I 2 a 4 Average 


























NITROGEN 
MEE RAveS 2 Ls Bea ee. Shee O O O O O 
GW EMAMORIAS M6 Sects ics slants ORE 0.41 0.28 O12 .29 
Organic, water soluble....... 0.02 0.12 0.13 0.17 Lt 
Organic, water insoluble..... AT a 4.57 Act 4.87 4.72 
PMOUCEE Wes eso Lwewthe ts LO 5.10 ye 5.16 St? 
PHOSPHORIC ACID 
NVECCr. COMPS. 6565 as 6 Jeo: 0.09 0.03 O 0.02 0.03 
Citrate imsoluple cc. sic... wae ON 54. 0.60 0.54 0.55 0.56 
So-called “available” .....072. 2.56 2.84 207 ZOO 2.86 
MR eet a 0, bE eon tert OEE O 2 AA 3261 3.54 pe 
POPAS A OLA ins eae (Owed 0.32 O17 0.15 0724 
WEE ORT ND it Sails. inva eee brace - Trace’ ~“Prace. 7 “Trace. Trace 


From 60% to 70% of the nitrogen is classed as active or available and 
the greater part of the phosphoric acid is also in the available form. The 
amount of potash is insignificant. With a slightly higher content of phos- 
phoric acid and potash, the activated sludge will compare very favorably 
with the usual fertilizer sold in this state, containing about 2% nitrogen, 
8% phosphoric acid and 2% potash. 

Assuming that the activated sludge averages 5% nitrogen and 3% phos- 
phoric acid and the sludge can be disposed to dealers for $3.00 per unit of 
1% nitrogen per ton sludge and $1.00 per unit of 1% phosphoric acid per 
ton sludge, the market value of one ton of sludge would be $18.00. It is 
quite likely that a better price than this could be realized as even very 
low grade fertilizer retails from $30.00 to $40.00 per ton. In computing 
the commercial value of the sludge, however, the lower figure has been 
taken. One million gallons of New Britain sewage will produce half a 
ton of dried and salable sludge. Based on the present flow of 3.5 million 
gallons per day, 1.75 tons of dried sludge will be produced per day, yielding 
a total revenue of $31.50, or $11,500 per year, or $9.00 per million gallons 
sewage treated. 

The approximate cost of sludge treatment may be calculated on the fol- 
lowing basis. A thickened sludge will be provided, average moisture con- 
tent 98.5%, total weight per million gallons sewage 66,700 lbs., of which 
1,000 lbs. are dry solids. The volume of sludge will be 8,o00 gallons per 
million gallons sewage. The flotation unit will reduce the moisture to 85%, 
producing a total weight of sludge of 6,670 lbs. or 800 gallons. When 
this sludge is spread on drying beds, the moisture content will be reduced 
to 50%, producing 2,000 lbs. of sludge, or 240 gallons. When the sludge 
has passed through the dryers the moisture content will be reduced to 10%, 
producing 1,100 lbs. of sludge. After drying, the sludge will be ground, 
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placed in sacks and stored pending shipment. Table 58 shows the cost 
estimate for the entire process. 


TABLE 58 ‘ 
COST OF DEWATERING AND DRYING ACTIVATED SLUDGE 


Cost of coal for acid heat flotation per million gallons sewage. 
B.t.u. required to raise temperature of sludge 45° F. 
=66,700 x 45 =3,000,000 B.t.u. 
Coal required at 9,000 B.t.u. available per lb. 
3,000,000 
9,000 ==2 22) 1195, 
Cost @ $12.00 per ton = $2.00. 
Cost of drying by direct heat, per million gallons sewage. 
Coal required =1 lb. to evaporate 8 lbs. water. 


900 
=~g =113 lbs. per m.g. sewage. 


Cost @ $12.00 per ton = $0.68. 
Total cost of coal per m.g. sewage =$2.68. 





Avmeal.cost of coal). 1.278 mig. sewage treated? 22: ..\- pagans fee $3,420 
Annual cost of labor: 
APeOI CD 0b 5, OOUDEENCER YW airs eee aera Bs eae beeen 4,380 
c tea (dS OG. Der dais «isin. dhe muha osu oe pes 1,825 
AeA OSG Or AAO OEs ghuscatcs hee Me cu tale tir see ae dit antec eRe cede 6,205 
Cost of acid, I c.c. per gal. sludge, 8,650 lbs. per year @ $.015...... 130 
Grinding, sacking and incidental handling 640 tons @ $2.00........ 1,280 
MISC CHAN COUS cc soe eh cte iar oe TS NEE ec ae EEC eee 1,000 
NING cable Seaman COSE (ane he, wht cd teak ss as eo eae ela eee $12,035 
Coct per nattlom gatlons sewase uth. Aci os ye OR Se ee ee 9.45 
Gose per ton idried:siadge.. Si incueoy nine Se cwer See eee 18.90 


Estimating sludge treatment at $0.45 per million gallons of sewage and 
the revenue from treatment at $9.00 per million gallons sewage, the annual 
cost will be $12,055 and annual revenue $11,500. There appears to be a 
ready market available for the sale of the sludge in this state and the above 
cost estimates indicate that the revenue will practically pay for the cost of 
treatment. For a flow of 6 m.g.d., the annual cost of treatment would be , 
$18,000 and annual revenue $19,700. 


SPECIAL EXPERIMENTS. ACTIVATED SLUDGE PROGESS: 
FILL AND Draw METHOD 


Effect of Sludge Reaeration 


In the continuous flow activated sludge plant at New Britain, the sludge 
reaeration tank provided only .6 hours’ storage of sludge for reaeration. 
It was thought that with a longer sludge reaeration period, a mere powerful 
sludge might be developed and the sewage purified with a shorter aera- 
tion period and less air than in the continuous flow plant. Six runs were 
tried on the fill and draw basis to determine the effect of long sludge reaera- 
tion periods. 
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The experiments were made in the small tank previously used for sludge 
reaeration. Activated sludge was introduced into the tank and reaerated. 
Sewage was then added and aerated in contact with the sludge. At frequent 
intervals samples were taken in two-gallon bottles, the sludge allowed to 
settle and the supernatant liquid drawn off for chemical analysis, and its 
appearance also noted with regard to clarification. Table 59 shows oper- 
ating data and results obtained from these runs. 
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The first three runs are of value only in indicating that the effluents after 
18 hours’ aeration show a higher removal of organic matter than those 
after only two or three hours’ aeration. A surprising result from these 
runs was the absence of high nitrates in the effluent after 18 hours’ aera- 
tion. These results suggest that prolonged aeration and large volumes of 
air are not the only essential factors for high nitrification, and that sea- 
sonal influences are even more important than aeration. 

As judged by the last three runs, the removal of organic matter in gen- 
eral was not as good for the fill and draw experiments with sludge 
reaeration as in the main activated sludge plant without sludge reaeration, 
while the removal of suspended matter was somewhat better. This is more 
clearly demonstrated by comparing the average of Runs 4A, 5A, and 6A 
with Run 16, the aeration period and average sludge concentration being 
about the same in both instances. Table 60 shows this comparison. 
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Clarification was quite rapid with sludge reaeration, the average aera- 
tion period for clarification from Runs 2A, 4A, 5A, and 6A being one hour. 
As this period could not be tried on the main plant, no comparison for 
time of clarification is possible. 

The fill and draw experiments, in general, confirmed the results from 
the main plant, indicating that sludge reaeration was of no particular 
benefit for aeration periods greater than about two hours. 


Activated Sludge Treatment of Sewage Dosed with Saltpetre 


At the conclusion of the reaeration experiments, it was suggested that 
the sludge might acquire increased activity if the sewage were dosed with 
saltpetre (NaNOs), thus providing an abundance of oxygen readily avail- 
able to the aerobic organisms in the sludge. Twelve runs were tried on 
the fill and draw basis, operating data and results being shown in Table 61. 
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In general, the removals of organic nitrogen were disappointing and 
occurred at a much slower rate than in the main plant, where in Run 16, 
- the average removal was 71.5% after 2.4 hours’ aeration; while the aver- 
age removal in two hours from Runs 7A, 9A, 111A, 13A, I5A, and 18A was 
only 22%. It is quite possible that the aerobic organisms attacked the 
saltpetre for food supply in preference to the organic matter in the sewage. 
If this were true, the amount of nitrite and nitrate nitrogen in the effluent 
in excess of that in the influent would be noticeably less than the nitrogen 
added in the saltpetre, as some of the latter would have been assimilated 
by the sludge. Averaging all runs except 160A, the nitrite plus nitrate 
nitrogen in the influent was 1.3 p.p.m., in the effluent, 3.8 p.p.m. after one 
hour’s aeration; the difference of 2.5 p.p.m. being due to the saltpetre 
nitrogen, of which an average of 6.5 p.p.m. was added to the sewage. 

These considerations suggest that the effect of the saltpetre was to fur- 
nish a food supply to the aerobic sludge organisms other than the organic 
matter in the sewage, thus lessening the activity of the sludge in attacking 
and reducing this organic matter. 

The stabilities of the effluents were, in general, very high. This was 
probably due to a comparatively large amount of dissolved oxygen in the 
effluent, and some oxygen in the form of nitrites and nitrates from the salt- 
petre. 

Clarification of the effluent was quite rapid, a clear effluent being ob- 
tained in all runs but 7A in two hours or less. Removal of iron was also 
rapid and, for the most part, quite complete. 

In spite of the high stabilities obtained, dosing of the sewage with salt- 
petre would probably not result in any marked economy in aeration period 

_ or amount of air required and is, therefore, not advisable as a preliminary 
treatment to the activated sludge process. 


CELAP A tlk, aX 
LIME TREATMENT 


Five runs were made on the fill and draw basis to determine the effect 
of lime treatment, sufficient lime being added in each case to insure an 
excess of either hydrate or carbonate alkalinity. Operating rates and 
analytical results are shown in Table 62. 

The removal of suspended matter by lime treatment was only fair, and 
the effluent contained visible solids in a very finely divided state, apparently 
due, to some extent, to particles of unsettled lime. Better clarification 
would probably have been obtained with a longer settling period than 
one hour. 

A fair removal of organic matter was obtained, as judged by the tests for 
organic nitrogen and oxygen consumed. The amount of organic matter re- 
maining in the effluent, however, was comparatively large resulting in a 
very low relative stability, indicating that putrefaction would take place 
after the caustic alkalinity had been neutralized and its disinfecting action 
eliminated. Due to the excess of caustic alkalinity, the sewage was rendered 
sterile in the three runs during which bacteriological tests were made of the 
effluent. 

Settleable solids tests indicated that a very large amount of sludge would 
be produced, averaging 12,500 gallons per million gallons of sewage after 
one hour’s retention. In an actual plant, however, the sludge would be re- 
tained probably for several weeks and become more concentrated, hence, 
a very much smaller amount of sludge would be produced than that indi- 
cated by the tests. 

No tests were made of the sludge, nor were experiments made to dry it 
on beds. Experience with limed sludges elsewhere, however, indicates that 
they do not dry very readily on beds unless the sewage is treated with 
very large quantities of lime. In this case, the sludge dewaters quite readily 
on beds. For the New Britain sewage, however, treatment with lime would, 
no doubt, precipitate lime soaps, which might be expected to exert a clogging 
effect upon the drying beds. 

In general, lime treatment is not regarded as a satisfactory method of 
purifying New Britain sewage. 
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CHAPTER xl 


~ELECTION OF MOST SUITABLE TREATMENT OR 
NEW BRITAIN SEWAGE 


CHARACTER OF EFFLUENT REQUIRED 


The selection of the proper method of treating the domestic sewage from 
New Britain is governed by two general requirements: 

(1) Remedying and preventing the pollution of streams receiving the 
sewage. 

(2) Removing all cause for complaint by the people of the town of 
Berlin of odors emanating from the present plant. 

To meet the first requirement means the fairly complete oxidation or re- 
moval of sewage organic matter, taking advantage of the full oxidizing 
capacity of the streams in determining to what extent the sewage should be 
purified. Suspended matter which from its chemical composition might be 
detrimental or which might cause objectionable physical appearance should 
also be removed. Removal of the bacteria which in this case is not so im- 
portant would naturally follow if the above requirements were satisfied. 
To meet the second requirement the method selected must be such that the 
odors around the disposal plant, if any, will be reduced to a minimum. 
This means proper control in operation and in drawing off and disposing of 


the sludge. 
REHABILITATION OF PRESENT PLANT 


The present disposal plant does not meet either of the two general re- 
quirements and it could only be made to do so by practically rebuilding the 
entire plant. The cost of doing this would be quite high and in the recon- 
struction some form of preliminary treatment preceding the filters would 
undoubtedly be included. In fact, the city has recently purchased fine 
screens, so that all the sewage excepting the peak flows during most severe 
storms will be screened. This will, of course, relieve the beds of consider- 
able sewage solid, but it will not provide sufficient removal to produce 
satisfactory results from the present plant. The cost of rehabilitating the 
beds would be as high and probably higher than either of the methods 
which the experiments have demonstrated would meet the requirements. 
Since the city has selected fine screening as a preliminary method of treat- 
ment it would not be economical to try to rehabilitate the present filters 
when better methods of treatment costing no more are available. 


COMPARISON OF SEWAGE TREATMENT Metuops INVESTIGATED 
AT THE New BriTAIN SEWAGE EXPERIMENT STATION 
The method which would meet the proposed requirements effectively at the 
lowest cost of construction and operation is the one which should be 
adopted. Table 63 shows the general comparison of the various methods 
tried at New Britain. 
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The foregoing table clearly indicates that only two processes produced 
effluents meeting the specified requirements, namely, the Imhoff sprinkling 
filter and activated sludge. The effluent from either of these proceses would, 
in general, be excellent. The operation of the Imhoff sprinkling filter plant 
would be the less complicated of the two but this would be somewhat offset 
by the fact that pumping would be required for this process. There would 
be somewhat better control and regulation with the activated sludge process 
which would permit of better adjustment to seasonal variation. The pos- 
sibility of recovery values from the sale of dried activated sludge is also 
an important item. In general, the final selection resolves itself largely into 
a comparison of costs and without complete detailed plans accurate esti- 
mates are not possible. Some comparison between the two methods can be 
made, however, by using the unit costs determined at other plants. For the 
purpose of computing these costs it is assumed that the plant will be located 
near the present beds and that no additional land will be required. Funda- 
mental design data to treat an average volume of 6,000,000 gallons per day 
are given in Tables 64 and 65 and cost estimates in Tables 66, 67 and 68. 


TABLE 64 
DESIGN DATA, IMHOFF SPRINKLING FILTER PLANT 


AVERAGE SEWAGE FLOW 6,000,000 GALLONS PER DAY 


Preliminary treatment by grit chambers and screens. 
Capacity of pumps and motors, 12,000,000 gallons per day. 
Detention period in primary Imhoff tanks—2 hours. 
Storage capacity of sludge chamber-—9 months. 

Rate of dosing sprinkling filters, 2,000,000 gallons per acre per day. 
Detention period in secondary Imhoff Tank—}4 hour. 
Sludge storage capacity in secondary tank—4 months. 
Sludge beds, 1 square foot to each 6 persons. 


TABLE 65 
DESIGN DATA, ACTIVATED SLUDGE PLANT 


AVERAGE SEWAGE FLOW 6,000,000 GALLONS PER DAY 


Preliminary treatment by grit chambers and screens. 

Capacity of air compressor—-7,000,000 cu. ft. per day. 

Detention period in aeration tank—3 hours. 

Detention period in settling tank—1 hour. 

Capacity of flotation unit—50,000 gallons sludge per day, sludge to be delivered 
at 9814% moisture. 

Sludge drying beds—10,000 sq. ft. 

Dryers capable of evaporating 6,000 lbs. of water from 12,000 lbs. of sludge 


per day. 
Machinery for grinding and sacking sludge capable of handling 4 tons per day. 
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TABLE 66 


COST ESTIMATE, IMHOFF SPRINKLING FILTER PLANT 
Total construction cost, including preliminary treatment and 


engineering comtinwenciés. 4. es Huo sass os cee suspen geno e s $331,000 
' Annual fixed charges 
Tenberest Qteys V5 ory ae ce ede soe we oe eh $14,900 
Structures ($260,000) amortization 50 years, 4144%....... 11,700 
Machinery ($15,000) combined: amortization and repairs, 
So) lis eek a ta ne Meee fehl Sah ae i GAR Ras, Se Ua ae eat 1,500 
DOU GRed CHAECESAY ter ona. Pee. UE ine Shee eee $28,100 
AORMSOPETATINS COST. vaici. errrieas Wed ete fb odeh8 « leanne on Oe 16,000 
“LObak SnMWAl COBbs cia te eos Cac a ee ee $44,100 
TABLE 67 


COST ESTIMATE, ACTIVATED SLUDGE PLANT 


Total construction cost, including preliminary treatment and 


CUS OSP ECTS te eee AGE OR UE et, Lie MA Reece ee, $175,000 
Annual fixed charges 
NeePeet Gt doe, he eh MERTON Osco a GOH ape te oe ad ee $7,875 
Structures sae amortization, 50 years at 4144%..... 4,365 
Machinery ($50,000) combined amortization and repairs, 
NO) Sota Gatien bros O20, CaGhins  IOLOuth OOo ideo 10" hous mre Oks Ol Grp iyo, OU.0. cu Crows Oe 5,000 
Total Gree iia mess weeks 6 644 ibe essai nh Witeged eokend $17,240 
Amuuaroperatine Ost: tlc ke. ha Metso e fs bie eth ake $48,000 
Deduct revenue from sale of sludge............... 19,000 
Net operating COS... i).\ canecataces sa: rae beige eh a, aad $29,000 
Poca annnal Cost. cece kee ec oe ea eee ee ae [$46,240 
TABLE 68 


COMPARISON OF COSTS 


Imhoff 
Sprinkling Activated 
Filter Sludge 


Plant Plant 
otal fied -chargese ch tay 045 Ge ural BAe x Se ee $28,100 $17,240 
Prada OMERALINS: COSt ce. 1k Oh ne emo ge A eh Sees 16,000 48,000 
Reventie from: salevotsludge tint suk acters eau ee O 19,000 
Neti ennual: cost or: treatment... 5.02 i6 0s 05 Sh) wea ees 44,100 46,240 
Net annual cost capitalized at 46%. oo ee. 980,000 1,027,600 
COMGERUCTICN, COSt..i. auenes eit bt < hPa oo ER 331,000 175,000 

GOLAN CAD IPA ZO CONE foe nn tiers oa nln Sane ere oe $1,311,000 $1,202,600 


The cost estimates show the sprinkling filter system to be higher in first 
cost but lower in annual cost than the activated sludge plant. In the total 
capitalized costs, there is a slight difference in favor of the activated sludge 
process. The estimates, however, are only approximate and final estimates 
from full detailed plans might show considerable variation. While the costs 
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of the Imhoff sprinkling filter system may be considered as fairly accurate 
for preliminary estimates, we really have but little or no first hand data in 
this country of actual costs of activated sludge treatment. The revenue 
obtainable from the sale of dried activated sludge also remains to be 
demonstrated. Local market conditions, however, and the favorable charac- 
ter of the dried activated sludge, are quite promising that revenue from the 
sale of dried activated sludge from the New Britain sewage would offset 
a considerable part of the operating costs. 

Summarizing the work at the Experiment Station, either an Imhoff sprink- 
ling filter or activated sludge plant would, if properly designed and operated, 
give an effluent satisfactory to the Department of Health. The economic 
features should, however, be carefully considered by the city of New Britain 
before a selection is made. 

Regardless of the system chosen, however, a word of caution is neces- 
sary regarding the control of the industrial wastes discharged into the 
sewers. Too much emphasis cannot be placed on this point. Both the 
Imhoff sprinkling filter and the activated sludge processes depend upon 
biologic action for successful results and interference with this action by 
germicidal industrial wastes may lead to complete failure of the treatment 
‘plant. The germicidal or other interfering wastes from industrial estab- 
lishments should be rigorously excluded from the sewers. Partial treat- 
ment of such wastes at their source may, in some cases, make them suitable 
for discharge into the sewers. In any event, control of industrial wastes 
should be exercised by the city and the discharge of wastes interfering with 
the operation of the sewage treatment plant should be sufficient cause for 
revoking the sewer connection permit of the party responsible for these 
wastes. The success of any method of treatment will depend largely on 
careful and complete exercise of such control. 


APPENDIX 


REPORT ON INVESTIGATION OF FACTORY WASTES 
DISCHARGED INTO SANITARY SEWERAGE 
So Ee, NEWeBETLATN, CONN: 


In an endeavor to trace the discharge of factory wastes into the sanitary 
sewerage system of New Britain, an investigation was started on July 26, 
1919, and finished November 8, 1919. An intensive survey of the sewer 
system was made and sample points selected which would give the char- 
acter of the sewage above and below factories of fair size which might 
contribute objectionable waste as regards ultimate treatment of the sewage. 


SCOPE OF SAMPLING 


Samples were taken by representatives of the city sewer department by 
arrangement through Mr. Wm. H. Hall, City Engineer, and J. Frederick 
Jackson, Director, State Bureau of Sanitary Engineering. The samples 
were taken in 8 oz. bottles from manholes on the sewer lines. Samples 
were taken half hourly through the day from 7 a.m. to 7 p.m., and hourly 
from 7 p.m. to 7 a.m., with the exceptions of Stations I, 2, 3, which were 
taken every 2 hours throughout the 24-hour period. 

Samples were collected at each station on Saturday and on a week day, 
usually Tuesday. The purpose of this arrangement was to obtain results 
for an average working day, and for Saturday when a great deal of ‘“‘clean- 
ing up” around a factory takes place. 

The samples were delivered to the laboratory of the State Bureau of 
Sanitary Engineering by the city, where all analyses as herein outlined 
were made. A total of 1,374 samples were taken. On a basis of three 
determinations each, 4,122 determinations were made. In addition, the 
samples for each station were composited, thus representing the daily flow, 
and sanitary chemical examination made to determine the character of the 
composites. In all there were 41 composite samples, each representing 9 
determinations. A total of 4,347 determinations, therefore, were made on 
the samples collected. 

As the principal waste detrimental to the proper operation of the sewage 
beds is said to be from the iron industry, iron was determined on all 
samples. Alkalinity and chlorides were also determined, the former to 
trace acid in the iron wastes, and chlorides to give an index as to domestic 
sewage present. The latter determination unfortunately did not assist ma- 
terially in this connection. 
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TABLE 69 
SAMPLING STATIONS 
Station 
No. Location 
I Burritt St. at angle of road above all factories. 


IA Burritt St. Bend of road below Cole Rolling Mill. 

2 Burritt St. near W. Main St. No factories. 

a Cleveland & Myrtle. No factories. 

4 Watering trough, Myrtle St. below Hart & Cooley and Stanley Plants. 
5 Grove & Myrtle—Stanley Wks.—Hart & Cooley, Malleable Iron Wks. 
6 LaFayette & Washington, below Humanson & Beckley Mfg. Co. 

"8 Myrtle between Main and Washington, mixture of Nos. 1, 25 Ar etach Si; 
8 


Main and E. Main Sts., mixture of Myrtle Ave. and LaFayette St. 
sewage. 


9 Main and Center, South Side, Sewage from Landers, Frary & Clark 
only. 


£0) Main and Center, North Side, Mixture of No. 8 plus one factory of 
Landers, Frary & Clark. 


II Stanley & Main Sts. Traut & Hines only. 

12 E. Main St.—Traut & Hines and North & Judd Co. combined. 
13 Church & Elm Sts., above all factories. 

14 Church below Elm St., Stanley Rule & Level Co. 


15 Church & Stanley Sts. Includes Skinner Chuck Co., Union Mfg. Co., 
and Stanley Rule & Level Co., combined. 


16 Maple & Park Sts., American Hardware Co., P. & F. Corbin Co. 
17 Chestnut near Elm St., New Britain Machine Co. 

18 In yard of American Hosiery Co. - 

19 Gate chamber at sewer beds. 


There are, of course, many factories not included in the above list. The 
factories which have no waste of objectionable character as determined by 
information on hand were purposely omitted from this investigation. 


Discussion oF INDIVIDUAL SAMPLES 


STATION I. BURRITT ST. AT ANGLE OF ROAD ABOVE ALL FACTORIES 


The samples showed high alkalinities with corresponding chlorines from 
7 am, to II p.m. after which a decrease in these constituents are noted 
until the next 7 am. sample. The alkalinities varied from 538 p.p.m. at 
7 a.m. to 48 p.p.m. at 1 am. Likewise the chlorine content varied from 
126 p.p.m. to 8 p.p.m. The iron content was fairly low in all samples 
with a maximum of 22.8 and a minimum of 2.0 p.p.m. This sewage is con- 
sidered purely domestic in character. 


STATION IA. BURRITT ST. BEND OF ROAD BELOW COLE ROLLING 
MILL ; 


Samples were taken hourly at this station from 7 a.m. to 8 p.m. Al- 
kalinities varied from 24 to 136 p.p.m.; chlorine from 6 to 36 p.p.m. and 
iron from 1.8 to 53.0 p.p.m. There is evidently some iron waste entering 
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the sewer from this mill, but if not discharged in greater quantities than 
the samples show, the waste would have little or no effect on the sewage 


disposal plant. 


STATION 2. BURRITT ST. NEAR W. MAIN ST., ABOVE ALL FACTORIES 


Alkalinities varied from 64 to 544 p.p.m. the high figure occurring at 
7 a.m. and the low figure at 3 a.m.; chlorine varied from 30 to 78 p.p.m. 
and iron from 3 to 34 p.pm. This sewage also appears to be purely 


domestic sewage. 


STATION 3. CLEVELAND & MYRTLE STS., ABOVE ALL FACTORIES 


Alkalinities on these samples varied from 48 to 850 p.p.m. the highest 
occurring at 7 a.m. as on other stations and lowest early in morning. 
Chlorine varied from 40 to 170 p.p.m. and iron from 3.2 to 32 p.p.m. Results 
indicate that sewage at this station is domestic in character. 


STATION 4. WATERING TROUGH, MYRTLE ST. BELOW HART & 
COOLEY-STANLEY PLANTS 


A marked difference is noted between the samples taken on Saturdays 
and week days, consequently the results will be treated separately. 


Saturdays 


Results of samples taken on two Saturdays show considerable iron present 
in varying amounts throughout the working day. A maximum is reached 
between 3 and 4 p.m. when undoubtedly acid vats are emptied. The 
maximum iron found at this time of day was 3,200.0 p.p.m. and an acidity of 
1,280 p.p.m. There appears to be a continuous stream of iron waste during 
the entire morning as iron is present in considerable quantities acccom- 
panied by low alkalinities indicating neutralization due to acid present. On 
Sunday morning 8 a.m. when probably no factory waste was being dis- 
charged an alkalinity of 315 p.p.m. was found. The chlorine content 
varied from 30 to 200 p.p.m. the higher content being invariably present 
when acid waste was discharged. This may be accounted for by use of 
hydrochloric acid in the plant or laid to an impurity in the sulphuric acid 
used. 


Week Days 


Samples taken on 2 week days gave a maximum iron content of 2,100 
p.p.m. at 6 p.m. with an acidity of 320 p.p.m. The minimum iron content 
for the entire period was 14 p.p.m. The alkalinity was very low at several 
times of the day and approached the neutral point. The chlorine content 
varied from 14 to I55 p.p.m. 

The above results are significant as they show that the iron wastes are in 
sufficient quantity to neutralize the sewage on this trunk line and at times, 
namely: 6 p.m. on week days and 3-4 p.m. on Saturdays, to strongly 
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acidify the sewage. The waste responsible may be attributed to the Stanley 
Works. 


STATION 5. GROVE & MYRTLE—BELOW STANLEY WORKS—HART & 
COOLEY, AND MALLEABLE IRON WORKS 


Comparing results of samples from Station 4 with those obtained at this 
station, we find the effect of the Stanley Works at this point to be con- 
sistent, i. e., the acidity and high iron content at Station 4 is duplicated at 
Station 5 without practically any allowance for time of flow. Comparing 
the individual samples, we find on Saturday’s samples heavy mineral oil 
floating from 12.30 p.m. to 1.30 p.m.; and at 12 midnight. At midnight, 
the iron content increases to 1,900.0 p.p.m. As no such conditions were 
noted at Station 4 undoubtedly the oil and iron at midnight can be traced 
to the Malleable Iron Works. 

During week days, an increase in iron content at noon may also be attri- 
buted to the Malleable Iron Works by elimination as above. 


STATION 6. LAFAYETTE & WASHINGTON, BELOW HUMANSON & 
BECKLEY MFG. CO. 


The iron content at this station varied from 0.6 to 11.4 p.p.m.; alkalinity 
from 74 to 384 p.p.m; and chlorine from 4o to 234 p.p.m. The sewage 
appears to be strictly domestic in character with no effect of Humanson 
& Beckley Mfg. Co. plant. 


STATION 7. MYRTLE BETWEEN MAIN & WASHINGTON STS. MIX- 
TURE OF STATIONS I, 2, 3, 4 & 5 


At this station we find the effect of the waste from the factories above 
with the exception that the effect is less marked due to additional dilution 
of domestic sewage. Acidity was 20 p.p.m present at 2 p.m. on Saturday 
sample and 6 p.m. (8 p.p.m.) on week day sample. A remarkable decrease 
in acidity is noted due as stated before to dilution. The iron content varied 
from 1.4 to 240 p.p.m. Reaction from 4o acid to 170 p.p.m. alkalinity ; 
chlorine from 6 to 120 p.p.m. Oil was also observed at noon which was 
previously traced to the Malleable Iron Works. 


STATION 8. MAIN AND E. MAIN STS. MIXTURE OF MYRTLE AVE. 
AND LAFAYETTE ST. SEWAGE 


Analysis of data obtained shows a high peak for iron content at 2.30 and 
4.30 p.m. which coincides fairly well with the time of discharge of iron 
waste at the Stanley plant on Saturdays and at 7 p.m. which corresponds 
to discharge on week days. Acid, 30 p.p.m. was present at the former 
time and 50 p.p.m at the latter, a noticeable decrease as compared to what 
it was near the Stanley Works, 1,280 and 320 p.p.m. respectively. As the 
comparison is made on samples taken on different days only an approximate 
correlation of the results obtained can be made. Iron results varied from 
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3.2 to 230 p.p.m.; reaction from 50 p.p.m acidity to 200 p.p.m alkalinity ; 
chlorine from 16 to 160 p.p.m. 

As the LaFayette sewer contributes no iron wastes, the Myrtle Ave. 
sewer must be responsible for the acid and iron found at this station. 


STATION Q. MAIN AND CENTER, SOUTH SIDE, SEWAGE FROM 
LANDERS, FRARY & CLARK ONLY 


The week day samples appeared to be free from iron wastes. The Sat- 
urday samples showed a heavy iron precipitate at 4 p.m. The iron content 
at this time was 260 p.p.m. No acidity was present, but the alkalinity was 
reduced from 224 p.p.m. at 3.30 p.m. to 32 p.p.m. at 4 p.m. indicating that 
sufficient alkalinity was present to completely neutralize the acid. Mineral 
oil was present in samples taken at 7.30 a.m. and 11.30 a.m. Slight oil 
was found on other samples taken throughout the day. Maximum and 
minimum results were: alkalinity, 2900 and 32 p.p.m.; chlorine, 375 and 
38 p.p.m.; iron, 260 and 0.4 p.p.m. It appears from the results obtained 
that at 4 p.m. Saturdays iron acid wastes are discharged into the sewers 
by Landers, Frary & Clark. 


STATION -10.: MAIN AND -CENTER, NORTH “SIDE,” MIXTURE OF 
STATION 8 AND ON FACTORY OF LANDERS, FRARY & CLARK 


As this station is one block below Station 8 comparison of results of the 
two stations should indicate waste from the factory. We find that at 9.30 
and 10.00 a.m. the samples had an acidity of I90 p.p.m on the week day 
sample whereas an alkalinity was noted at Station 8. No material increase 
in iron accompanied this acidity. We must conclude, therefore, that this 
factory of Landers, Frary & Clark is contributing acid to the sewage at 
certain intervals. Otherwise no difference in the character of the sewage 
at Station 10 is observed from that at Station 8. 


STATION If. STANLEY AND MAIN STS.” TRAUT & HENES CO.ONLY 


Acid was found in sewage at 8.30 a.m. on Saturday to extent of 20 p.p.m 
and. at..1O.p.m.,. 1.-4.m., .3.a.m., 4, aim,.5)am.-and 6am to the extent ot 
10 p.p.m each. The iron content was only slightly increased at these times. 
Maximum iron 14.4 p.p.m., minimum o.2 p.p.m. Maximum alkalinity 160 
p.p.m and minimum Io p.p.m. acid. Chlorine varied from 6 to 130 p.p.m. 
It is apparent from the results obtained that acid waste is being discharged 
into the sewer from the Traut & Hines Co. plant in quantities which prob- 
ably have little or no effect on the character of the sewage at filter beds. 


STATION I2. EAST MAIN ST. TRAUT & HINES AND NORTH & JUDD 
CO. COMBINED SEWAGE 


Results show that no iron wastes can be attributed to the North & Judd 
Co. plant. If it is true as stated that this station represents a mixture of 
both plants, the addition of the North & Judd Co.’s sewage is sufficient to 
neutralize the acid contributed by the Traut & Hines Co. because at the 
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times when acid was found at the latter plant, alkaline sewage was found 
at the former plant. Maximum and minimum results were as follows: 
iron, 38 and 4; alkalinity, 175 and 24; chlorine, 44 and 8 p.p.m. respectively. 


SLATION £3. ..CHURCH & ELM STS, ABOVE ALL FACTORIES 


No iron or acid wastes were found at this station. The chlorine content 
is extremely high on this sewer line. Especially is this noticeable on the 
Saturday sample which gave 690, 800, 750, 770 and 310 p.p.m at 9 am, 
12.30 p.m., 2.30 p.m., 4.00 p.m. and 8 p.m. respectively. The chlorine may 
be accounted for by presence of three confectioneries on this line. Maximum 
and minimum results show the following: Saturday, iron, 2.6't0 0.43 alka- 
linity, 180 to 44; chlorine, 800 to 4o p.p.m. Week day; ios, 1.2 to 0.2: 
alkalinity, 205 to 40; chlorine, 225 to 48 p.p.m. 


STATION I4. CHURCH ST. BELOW ELM ST. BELOW STANLEY RULE 
AND LEVEL CoO. 


The samples taken at this station did not show any indications of dis- 
charge of acid or iron wastes from the Stanley Rule and Level Cos plant. 
The maximum and minimum results were as follows: iron, 5.4 to 0.2; alka- 
linity, 220 to 44; chlorine, 520 to 46 p.p.m. respectively. The high chlorine 
content can be traced to Station 13, one-half block up stream. 


SEXTION 715. ~ CHURCH &  STANLEV. STS: INCLUDES SKINNER 


CHUCK CO., UNION MFG. CO. AND STANLEY RULE AND LEVEL 
CO. SEWAGES COMBINED 


The results also show that no iron or acid waste was being discharged 
by any of these plants at the time of sampling. Maximum and minimum 


results were: iron, 22.8 to 0.2; alkalinity, 320 to 64; chlorine, 320; to 34 
p-p.m. respectively. 


STATION 16. MAPLE & PARK STS. AMERICAN HARDWARE Co., 
P.& F..CORBIN CO. 


No acid or iron waste evidently are discharged into the sewer from the 
American Hardware Co. as shown by the analyses. Iron content varied 
from 9.2 to 0.2; alkalinity from 250 to 30; and chlorine from 80 to 18 p.p.m. 


STATION I7. CHESTNUT NEAR ELM ST. NEW BRITAIN MACHINE 
CO; 


The samples taken at this station showed no iron or acid wastes. Maximum 
and minimum results were: iron, 12 and 08; alkalinity, 365 and 4o; 
chlorine, 140 and 24 p.p.m. respectively. 


STATION I8. IN YARD OF AMERICAN HOSIERY CO. 


Judging from the flow, this plant operates on Saturdays from 7 a.m. to 
12 noon and week days from 7 a.m. to 6 p.m. No iron or acid waste was 
found in any of the samples. On Saturday from 7.30 a.m. to 9.30 a.m. the 
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sewage was highly colored indicating discharge of dye liquors. The alka 
linity at these times averaged 240 p.p.m. and the iron 2.8 p.p.m. Other re- 
sults showing maximum and minimum were: iron, 6.4 and 0.2; alkalinity, 
490 and 20; chlorine, 96 and 8 p.p.m. respectively. From the results ob- 
tained it is concluded that the waste from this factory is of no material 
significance. 


STATION I9. MIXTURE OF RAW SEWAGE AT GATE CHAMBER AT 
SEWAGE BEDS 


Samples were taken every half hour throughout the 24 hours. A baffle 
was installed in the north gate chamber at the sewage beds to facilitate 
proper mixing of the sewage from the two 24” sewer outfalls. In this way a 
representative sewage of the town could be sampled. Precipitated iron was 
quite noticeable in many of the samples. No free acid was at any time 
present either on the week day or Saturday samples. The iron content 
varied considerably throughout the day but at no time did it approximate 
the high iron content found Nov. 6, 1918, by the city chemist. The maximum 
iron found on week days was 68.0 p.p.m. at 7.30 p.m. and 130 p.p.m. at 5 p.m. 
on Saturday. This corresponds with the discharge of iron waste at Station 4 
at 6 p.m. week days and 4 p.m. on Saturdays allowing about 1 hour to 
reach the beds. Maximum and minimum results follow: 














TABLE 70 
MAXIMUM AND MINIMUM RESULTS AT SEWER BEDS 
Week Days Saturday 
Max. Min. Max. Min. 
Paloma wrest Barts wee eta gas. dePe okenare 68 oa 130 hae 
BIEN URN eo Sus ol cect oe pi eos acer se 300 24 300 44 
OMICS as scare be uate ieee tintees oa ee 68 22 122 50 


One very significant fact is that the minimum alkalinity in each of the 
above days occurred at the same time as the maximum iron. This seems 
logical as quantities of acid are discharged with the iron waste which neu- 
tralizes and therefore reduces the alkalinity to its low figure. 

A series of samples every half hour were taken from the East and West 
sewer outfalls separately at the filter beds on Sept. 20th and 23rd. The 
dates represent a Saturday and a week day. The maximum and minimum 
results were as follows: 





























TABLE 71 
RESULTS FROM EAST AND WEST SIDE.SEWERS 
East Side Sewer West Side Sewer 
Saturday Week Day Saturday § Week Day 
Max. Min. Max. Min.. Max. Min. Max. © Min, 
1 SS) ta ies eae a et are 34 O° S217 2.8 AO VOL? BRO One 
Miikalinsiye:., eR .c4 tee 2601 (6972 250 ° 780 290° «+105 )) 240°. 56 


Calories: 58 2h Ps yet kath P25 urtgo Oo.” sr@ 80 26 Sa 22 
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The East Side sewer discharges the sewage from the manufacturing dis- 
tricts and also that from the center of the town, while the West Side sewer 
conveys practically nothing but residential sewage. Referring to the above 
table it will be noted that iron is abnormally high in the East Side sewage. 
It is not, however, as high as was expected, especially on the Saturday 
sewage. This may be accounted for by the fact that many plants were shut 
down due to the parade on Sept. 20th, in connection with “Homecoming 
Week.” This explanation seems reasonable as previous samples (Station 
19) showed much higher iron content on Saturday even though it was 
mixed with the West Side sewage which had a tendency to lower the results 
by dilution. 

Minimum alkalinities consistently occurred when iron content was higher 
as previously noted. 

In order to verify the conclusions from the samples of Sept. 2oth, another 
series of samples were taken from the East and West sewers on Saturday, 
Nov. 8th. The samples were taken half hourly from 7 a.m. to 9 p.m. 
Maximum and minimum results follow: 


TABLE 72 
RESULTS FROM HALF HOURLY SAMPLES, NOV. 8, I9I19 
East Side Sewer West Side Sewer 





crs, eer -—--—-———+ 





Max. Min Max. Min. 
CLOTS ee A i See pear ao Po 210 72 44.0 16 
Plena een se Ad cttacanek shuts wees 250 12 243 80 
OLN SS Te. CS MAt ied aaptie Re ier gra are eg tl C8 100 50 72 30 


It will be noted that the results differ materially from those obtained on 
Sept. 20th on the East Side sewer when undoubtedly many factories were 
shut down. The iron content throughout the day is high, but from 3.30 p.m. 
to 8.30 p.m. it is at its highest. The peak was reached at 4.30 p.m., cor- 
responding to the time when iron wastes are discharged in town. The 
sewage was alkaline the entire day, but reached a dangerously low point at 
5.30 p.m. 

Iron in the West Side sewer was rather low throughout the sampling 
period. The 4.00, 4.30 and 5.00 p.m. samples showed considerable iron, but 
it is believed to be due to poor sampling or to partial mixture of the two 
sewages above the sampling station. 


DiIscussION oF ANALYSES OF COMPOSITE SAMPLES 


For the purpose of determining the chemical characteristics of the sewage, 
hourly samples were composited and a complete sanitary chemical analysis 
made on the composite samples. Table 73 gives the individual com- 
posite analyses as well as the average analyses. Referring to this table, 
it will be noted that composites vary considerably in chemical characteristics. 
The iron content is low where no iron wastes enter and high where iron 
wastes are contributed. Alkalinities are high for purely domestic sewage, 
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but where iron wastes are found, the alkalinity takes a decided drop. The 
solids content is invariably higher where iron wastes are found, due, no 
doubt, to the mineral character of these wastes. Samples taken at Station 
3 show a strong sewage, but little reliance can be placed on the results on 
account of difficulty in sampling. 

Comparing the chemical results obtafned by the city chemist on Nov. 6, 
1918, with those obtained during the investigation, we find that the latter 
results are consistently lower than the former. This might be partially 
explained by the difference in activities of the factories at the two periods 
of sampling. One thing in common is the high iron content at 8 p.m. on 
week days, but no such high irons as reported by the city chemist were 
found during the present investigation. 
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TABLE 73 
ANALYSES OF NEW BRITAIN SEWAGE COMPOSITES 
Solids 








Nitrogen as Oxy- Suspended 
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_ TABLE 73—Continued 
ANALYSES OF NEW BRITAIN SEWAGE COMPOSITES 
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Factory INSPECTIONS 


For the purpose of verifying the conclusions obtained from the chemical 
analyses, factories suspected as being responsible for the iron-acid wastes 
were inspected. There were also a number of other factories visited for the 
purpose of obtaining information as to the disposition of trade waste 
waters. The visits to the latter class of factories served as a reminder to 
them to keep the trade waste water from the sanitary sewers. 


HART & COOLEY MFG.’ CO. ~ 


This plant was visited on Dec. 4, 1919. Part of the plant has moved to 
the Hart & Hutchinson properties on West Main Street, while the pickling 
plant still remains on Booth Street. It is the intention of the company to 
move the pickling plant about April Ist, 1920. After that date no acid-iron 
waste will be discharged into the city sewer from this plant as the wastes 
will be discharged into a creek near their new quarters. 

The pickling process consists of submerging the iron sheets into a 
rectangular wooden vat containing sulphuric acid. After pickling, the 
sheets are rinsed with water and then dipped into a lime bath, the purpose 
of which is to completely neutralize the acid remaining on the metal. The 
pickle solution vat is said to be emptied about once in two months, although 
no definite period is set. The vat apparently is emptied when the foreman 
in charge thinks it needs emptying. The lime vat is also emptied at the 
same time as the pickle vat. There is a continuous stream of pickle wash 
water flowing into the sewer throughout the working day. The wash water 
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varies in composition depending on whether pickling is done at time of 
sampling. 

The following analysis is on a sample of wash water taken Dec. 11, 1910, 
at time of rinsing. 

















TABLE 74 
ANALYSIS OF WASH WATER, HART & COOLEY MFG. CO. 
Solids Suspended 
Organic Free Oxygen ae — Chlor- 
Nitrogen Amm.  Con- Total Volatile Total Volatile ine 
sumed 

.54 05 240 140 20 45 25 22 

Acidity Iron Sulphate 
20 26 62 


The analysis indicates a waste water low in organic matter, fairly high in 
iron and slightly acid in reaction. The oxygen consumed is very high, but 
may be accounted for by the absorption of permanganate by the ferrous 
sulphate present in the waste. 

The amount of sulphuric acid used by this firm was given as 45,700 lbs. 
for seven months of I9I19 or at a rate of 78,300 Ibs. per year. 

One point has not as yet been definitely cleared, that is, whether the 
waste waters are connected to the storm or sanitary sewer. The city is 
planning to trace the connections, but on account of the heavy snow has 
had to postpone the investigation. There are a number of connections from 
this plant to both sewers. Since the pickle plant will move within the next 
few weeks, it is immaterial to which sewer the connections are made. Con- 
sidering the analysis of the wash water as compared to that obtained from 
wash water at the Stanley Works, it is doubtful whether the wash water 
from the Hart & Cooley plant could be detected on Myrtle Street, after 
the mixture of both wastes. 


MALLEABLE IRON WORKS 


This plant was visited on Dec. 11, 1919. It employs about 60 men. The 
products manufactured are iron castings. Approximately 14,000 Ibs. of 
sulphuric acid are used per year in the pickling process. Considering the 
amount of acid used, the plant is considered small and of little significance 
in the present investigation. 

During the sampling, acid and oil waste were attributed to this plant. 
On inspection of the plant it was found that only about three barrels of oil 
are used per year and none of this can possibly reach the sewer. The oil 
and acid were found in the 12 midnight sample. It is believed that due to 
mislabeling of the bottles, the acid and oil should have been in the noon 
sample instead of at midnight. This factory does not work at night so it 
appears unlikely that waste waters would be found. The city is to trace 
the waste to determine whether it is connected to the storm or sanitary 
sewer. It is the recollection of the city engineer that only the toilets from 
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this plant are connected to the sanitary sewer. A trap basin for collecting 
sand in the wash water is located in the yard of the plant. The basin was 
completely full and sand no doubt reaches the sewer. 

This plant affects the present investigation only if the trade wastes are 
emptied into the sanitary sewer. If the trade wastes are discharged into 
the storm water sewer, it can be omitted from the investigation entirely. 
Should the plant be found to contribute acid-iron waste to the sanitary 
system, it can be connected to the storm sewer with little inconvenience. 


TRAUT & HINES MFG. CO. 


Visited Dec. 11, 1919. This plant does a large amount of plating and 
acid dipping. There are two plating rooms and one acid dip room. The 
amount of acid used in this plant is over a hundred thousand pounds per 
annum. On account of the large amount of pickling done in this plant, any 
connection to the sanitary sewer would show a continuous stream of trade 
waste. No acid was found in the week day samples and only small quanti- 
ties were found on Saturday night. The factory closes at Saturday noon 
so that no regular processes were in operation when the acid was detected. 
It would appear that some acid was used in the cleaning of the toilets on 
Saturday night which may account for the acid in the sanitary sewage. The 
samples were taken from a manhole and the collector stated that the flow 
ceased early in the evening. The sewage in the manhole became acid about 
Io p.m. and continued so the rest of the night as the samples were of the 
same identical sewage. 

It was stated by the management that all trade waste waters were con- 
nected to the storm water sewer. Considering the large amount of trade 
waste in the plant and the comparatively small amount found in the sani- 
tary sewage, this statement can be accepted. 


LANDERS, FRARY & CLARK 


An inspection was made of this plant Dec. 11, 1919. In the plant south 
of East Main Street, there are 3 plating rooms, I tinning room and 2 pickle 
rooms, all of which are supposedly connected to the storm water sewer. 
This plant does an enormous amount of plating and pickling, the wash 
waters from which would have a decided influence on the sewage if they 
were discharged into the sanitary sewer. As there was iron found in‘ a 
relatively high amount at 4 p.m. on a Saturday, the plant was suspected as 
contributing trade waste occasionally. This matter was discussed with 
Mr. Henry Fagan, Supt. of Plant Service, who promised to make a thor- 
ough survey of the plant and report his findings. To date nothing has been 
heard from him, but it is unlikely, judging from the sporadic appearance 
of the waste and the quantity found, that he will be able to trace it. 

A small pickling plant located in a building on the north side of East 
Main Street has been moved to the plant on the south side of the street. 
Acid was found in the sewage coming from the north plant at 9.30 and 
10.00 a.m. on a week day, but none at other times including Saturday. The 
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acid probably could be traced to the pickle plant, but now that the pickle 
plant has been moved the acid waste has also probably disappeared. It is 
believed that the trade waste entering the sanitary sewer from the Landers, 
Frary & Clark Company is insignificant in amount and effect as far as our 
analyses have shown. 


FAFNIR BEARING CO. 


At this plant no plating or pickling is done. Considerable quantities of 
oil are used, but no opportunity exists for oil reaching the sewers. 


NORTH & JUDD MFG. CO. 


Visited on Feb. 4, 1920. A large amount of copper, brass and nickel plat- 
ing is done in this plant, but all trade wastes are discharged into the storm 
water sewer. This is borne out by our analyses which showed the sanitary 
sewage from this plant to be free from trade wastes. 


AMERICAN HOSIERY CO. 


Visited Feb. 4, 1920. Dye waste was found during the sampling on Sat- 
urday morning. On inspection, however, it was found that the trade wastes 
are connected to the storm water sewer. The engineer in charge of the fac- 
tory was positive that no dye waste could possibly get into the sanitary 
sewer unless some one threw the dye in a toilet. As the waste found was 
weak and little significance attached thereto, no further sampling to follow 
up this question was deemed necessary. 


VULCAN IRON WORKS 


Visited Feb. 4, 1920. This plant does both plating and pickling. The 
plating vat is supposedly never emptied. The vat contains copper sulphate 
for copper plating and has a capacity of only 8 cu. ft. For the plating 
2,250 Ibs of copper sulphate are used per annum. In the pickling process 
28,800 Ibs. of sulphuric acid per annum are used. The wash water is un- 
doubtedly strongly acid and contains iron. A catch basin is provided to 
settle out the sand in the wash water from the casting. All waste waters 
are connected to the sanitary sewer. It was the understanding of the man- 
agement that they were not to connect to the storm sewer. This matter 
was taken up with Mr. Hall, the city engineer, who promised to notify 
the officials of the plant to connect all trade waste waters to the storm 
sewer. 


STANLEY WORKS 


This is a very large plant and our sampling and analyses have shown 
that it is contributing a large amount of trade waste to the sanitary sewer. 
The inspection was made on Dec. 4 and II, I9gI9. 
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Products 


Cold rolled steel, builders’ hardware. 


Water Supply 


Broek SAND Ya. Beste v5.88 41,400 gal. per month 
AAC. NV Obey ths Uy wes ltecdise dite 30,000,000“  * “6 
2 ATIC Sat NVCDIS: cis tac oat ace ies, 000 2 = #4 


City and brook supplies are used for rinse water and general use about 
_the plant. Artesian water is used for drinking and toilets in some parts of 
the plant. City water is also used for drinking purposes. It was said that 
analyses of the well supplies have been examined by the state laboratory 
and pronounced safe. 


No. of Employees 
Five hundred women and 2,500 men. Total, 3,000. 


Chemicals Used 


Information on the heavy chemicals used was obtained. 


100,000 Ibs. muriatic acid 20° Bé or 32.1% HCl per year 
£500.) * vnieric Ot 260° Be Or 575 7oneINOS ae he 
3,000,000 sulphuric “““ 66° Bé of 05.6% -HsSOg "1" ™ 

A large amount of pickling is done in this plant. A continuous pickler is 
in use which is arranged with conveyors which pass the metal through the 
acid solution and thence through rinse water and through sodium carbonate 
solution. A series of I2 vats approximately 3% ft. x 18 ft. x 2 ft. high 
are used in pickling the metal products which are not suited for the con- 
veyors in the continuous process. Six of these vats are emptied daily by 
siphoning onto a concrete floor which drains into a trough. The trough is 
connected to three sumps in series from which the spent acid liquor is 
pumped to the copperas plant. 

After the metal is pickled, it is washed in fresh water and then dipped 
into a sodium carbonate solution to completely neutralize any remaining 
acid. The wash water enters the sanitary sewer direct. A sample of wash 
water was found to contain 920 p.p.m. acid and 400 p.p.m. iron. From the 
arrangement of the floor, it is apparent that considerable spent acid liquor 
reaches the sewer when the vats are emptied. Mr. Crumm, the plant 
chemist, promised to detail a chemist to the pickle house to scrutinize the 
operations. If spent acid liquor is reaching the sewer, it is to their ad- 
vantage to prevent it. Our tests have shown beyond a doubt that a portion 
of the spent liquor is reaching the sewer. 

Subsequently, Mr. Crumm reported that the high amount of acid and 
iron found in the sewer at times of emptying vats was due to washing the 
floors and troughs after the acid has been drained. It appears that this 
procedure is unavoidable and that the only solution for this plant is to 
connect to the storm water sewer. The wash waters from the platin 
room should also be connected to the storm sewer. | 


oe 
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Copperas Plant 


The spent acid from the pickle house is pumped by means of lead-lined 
centrifugal pumps to the copperas plant where it is utilized in the manu- 
facture of iron sulphate, FeSO:: 7H.2O. The copperas plant consists of 
four 10,000 gal. wooden vats which receive the spent acid liquor. Iron 
turnings and other scrap iron are placed in the tanks and the acid admit- 
ted. The temperature of the liquor is raised by steam to 180° F. and the re- 
action allowed to proceed until the acid is neutralized. The neutral point 
is determined by means of methyl orange indicator. About 6 to 8 hours are 
necessary for the neutralization of the acid in the tanks. From the tanks 
the liquor is run into an evaporator where partial evaporation takes place 
under vacuum. The evaporated liquor is pumped to a drum where it is 
cooled by means of water coils and then centrifuged. The crystals of fer- 
rous sulphate resulting are dried in a revolving cylinder and then piled in 
a warehouse until ready for shipment. The mother liquor from the cen- 
trifuge is returned to the neutralizing tanks and goes through the process 
again. No wastes from the plant result if the operations are properly 
carried out. The copperas plant is connected to the sanitary sewer. It was 
stated that occasionally the neutralizing tanks boil over but that this was 
only on rare occasions. At these times some iron-acid wastes would enter 
the sanitary sewer. At the time of visit, the plant was operating success- 
fully and practically no waste water was entering the sewer. 

The capacity of the copperas plant is 3,000 tons per year. 

As a general rule, the copperas plant can handle all of the spent acid 
waste. Troubles do occur with the pumps or to machinery in the copperas 
plant occasionally, which necessitates the discharge of part or the entire 
spent acid for the day into the sanitary sewer. Such a condition would un- 
doubtedly play havoc to any kind of treatment works at the sewer beds. 
Another point which should be brought out is the large volume of water 
used in this plant. There is approximately 1.2 million gallons daily en- 
tering the sewer from the plant. By diverting trade waste waters to the 
storm sewer, at least one million gallons less per day will be handled at the 
sewer beds. This volume is considerable as compared to the total flow of 
sewage and its exclusion from the sanitary sewer system will mean a sav- 
ing well worth consideration. 


MISCELLANEOUS PLANTS 


An interview was held with Mr. C. H. Norris, mechanical engineer, for 
the American Hardware Company, which comprises the Corbin Screw Inc., 
Russell & Irwin, P & F Corbin and Corbin Cabinet Lock Co. Practically all 
of these plants do more or less plating and pickling. Mr. Norris stated that 
no plating nor pickle wash waters were entering the sanitary sewer. These 
wastes were connected to the storm sewer, as this matter had been brought 
to their attention several times in the past. From our analyses of sewage 
from the sanitary sewers connected to these factories it would appear that 
his statement is correct. 
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At the present time, the city gives a permit before connections to the 
sewer can be made. The permit covers the hub connection in the street 
and does not specify what wastes are permissible for discharge into the 
sewer. For this reason, it is impossible to say which connections carry the 
trade wastes. It is believed that the permits should show what wastes have 
been permitted to be discharged into the sewers, especially in the case cf 
factories. 


SUM MARY 


The investigation of the trade wastes entering the sanitary sewers has 
shown that outside of a few small factories, the Stanley Works is mainly 
responsible for the acid iron wastes. The volume of wastes from this fac- 
tory is estimated at 20% of the total sewage flow of the city and their 
exclusion from the sanitary sewers would therefore effect a considerable 
saving in the cost of sewage treatment. Steps should be taken therefore to 
eliminate these wastes from the sanitary sewers and the city should estab- 
lish regulations controlling the character of wastes permitted to be dis- 
charged into the sanitary sewers. 
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